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ALFRED RUSSELL WALLACE, In the 
August, 1908, p. 140, fo m article m * The P*- 
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..; Evolution" (1906) as the only an ^ * ^*;l 

' of the whole subject from the tif nf llit 
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though published before 
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phenomena yet made public. 
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experience of prartial { *''' <tlm : 'f v h " ,, ' . , 
tion of one simple rule of talM*iun- I-'* '""*' m 
order a host of phenol l.l> w.-i |" v,.. J v .," 
incapable of a coherent epfcuwi ni. 

The experimental re*lt with wlnl n w <>" I-'- 
vince of this book to dii arr, thn, % ^ " 
biometry, or the .tatbtir,*! rt.idy f ^Mt..-nv *-i 
particularly of conliwww varufum-v; v.^v, 
results of direct observation brann f"' 4 liii ' ""' 
of species by the dfaeonttniwtw mdit(l . ! ' J"*^^ < 
the results of experimental iilvrvaut*-. <>n ii,-*|sy 
by the methods of icJMHifn*. lirrlit J'\ fi^v 
methods results of the tm*t m*iw * * u-*l,u..{ 
, ' have been, and arc being, syrw-4 *t . nn -n - < Ji " 
thete interest as bearing ujwui tin- |rf< !<!' *< "* f i<>3lj 
tion. From a biologbt'* p* nl ot vrWf ^m-^ f ^ w 
liatter is, of course, paramount. An*l *' * i*" r tt 
thought fitting to t^gin wilh a IIM-{ rfiwwMni *t <? 
IHfoblfims of evolution, and of tlw vwitut** >lnivv *S 
i" ' them which have fown from tiiw t wt<- >|g"*S' < *l 
; ;i (i ' In alater dmpter iom^ C th? wwtr j*t fiimai-w i^'t'M 

'.'," results of the kindred sek f cytc&w the wna* 

1^.; ,8soui(s ^tidy of the mbwte at*trtueni |*ri* *4 44.tn 

,^'lt.. '* 
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that under lotabb conditNt* ihrr MI" 



observed to behave m tte * .v - .. * * 
than this, Professor Sir J. J. Thn** ^ "' ^^ 
describe the atom, of the *a*i>l d.**r , ? cr *, 
of a single kind of e>rp W >. <l . * * 

progressive change in llr nnmlrr 4* ,,.^ 
up the atom i* aocom|i. '1 * i;"^' -' ' ' 
in the propertw. of Ih, *tj v > ; - * 
ft has now bccom poHlMr to ,*MM. U^-y l 
the evolution of the ctemiai rfrwrwiH 0* w^ "" 

Passing from tto almotf imm**M$r i it>Sv -m^H t., !, 
atoost immeasurably grirat, w nwv !'* '*' 
the probable mode of origm $ th^ ***** *. '- 
an extremely diffuse cloud "I IM*I**M| vlvt*.^. * 
cording to the famous iwbuUr }yj*>!!>^* ..I I 4j4,<,- 
By a bng-continued proem ol o*nru '"" '" 
influence of gravity the nebttlur *!>*' MH i* 
of varying density, and acquiwd a riy 
in one plane. A the mam tm*Ml 
owing to the mutual attraction 4 it* 
velocity olrotatioft tocroaed, nll *i l*d th* 1 1* ***** 
ingly rapid motion ol the ottttmw* > *< 
lens-shaped nebula fvt ri to rntrif uft ! 
enough to counteract the tend<cftcy t /nit aim. 
in the further condensation ( th maw H<* rmj 
t behind. The riog IWKI bt** 4wo at w t* 
^ld contracting oa fttwlf gmv rite to a witglr *j5n'** 
which acqufcr4 * movement rrf r<.i<i Hi* 
direction as that of tite {Mitnt o<etwi4 UK* 
> w& the ootwiaott 0*wi Ni-pttint. m 
wert rodttc^ in a *im*l*f 
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another more closely in the early ** of tMr to*- 
vidual development than they do in the adM row!*- 
tion and in the earliest stages of all thry w nlii 
indistinguishable. These facts .w exj.lmnnl if we 
suppose that such individuals have a mmmon <>rit. 
that they are descended from a rmniwm aiK".r. and 
that traces of their pedigree are *fill to ! nl^i v<l m 
the developmental stages through wl.xh .wli .<w 
passes. We do not find a rompM< pi*'-^> * 
tween the development of the indiviInl ..! <Jw 
history of the race, nor should wt< i-xji.-.* '" J- *<, 
since embryonic as wi-li us adult htagrn jn.iv ! m-Jni. l 
in the course of evolution ; what w<- shuW i|^ * * 
a more or less vague historical nkHrb, jinil this > wMl 
is usually found remaining. 

' It is not true, for example, that ;i l*h w '* i-jtk" 
arrested in its development, or thnt a r-|1r w* rv*-r 
a fish ; but it is true that tin* n*jtil rtnbryo, l r 
stage of its development, m a urK-mivm wlinli, tl 11 
had an independent *;xtstc*ncis tniwl !< rt*wi>l 
among fishes ; and all thr org.irw of thr r-)iiS- p**, i 
the course of their development, ttuMUjth rundtiwti* 
which are closely analogous to thw wbstJ* -4r* |*Kf 
manent in some fishes.' 

3, HbRPBOtOGY.-On comparing l^tlwr lit*- 4tl 
ferent members of one of the grwtt gtmijm < cl**r 
of animals or plants, we ftn4 fht *swn<' fwittUmrflial 
plan of organization running tiirougti a!J if Ows-m- 
Series of corresponding orgjuts are <*lt n f Ur Mlf 
out which are biult upon the sawt* g!;*>r,*J w:txtiw, 
although their functions may be ijuit<- dn^umki , *< 
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tii tali* in tV* <>f *h" 

of th<* M,*^ I in 4 i M( 

In 1v * MI"''* /*'*"' * **>*<' 

1'J-^'' *H*'? *tt 

thi* **! }" j *i*'*ii tjn\>u.ov "**.**!'* 

ar* i lift Mhi r * m^tJ; T'i'* l-3n t If^ 

has altm a J;* 1? ^^ < ^^i |n*t^^ 

the of ffo* l Hi'- j'hs^- -^*1 '' '<v J<'f 

eggs within it. l^t j- * *1i-r- f^y^^J' %tlir 

r^ .1 It iU -*< 

*h' W<* '* Ji * }^l?rf , 

She ftiw to 4 *f*vk/'7, i^-l 

II f*W tW tlir '^ifr li fill* 

top of tilt* and fir Ml 1 <lif 

till* *if flir .**<* f^il 

* by tin* i li'- 

,tti4 <lt* 

f )4ffft 

at I hi* ^i^.itH M. l**t )i 

for w** Iwif 

i I**** 

tl * 

iti<* ft* lllf 

of wit in <tit l ^ 

ami n ili** 1:1! 

Hi i iftl^* 4 ^1 

4it IM Ir in 

*ii 
'kit 

4*1 
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a for \ 

tin* in flu* /<M! ! tlif* M*'k'r aftrr 

if nut 
in Fi flu r?* 1% s<*atri*ly anv to thr 

bf'f ff *',W* liiiV^ 

a^ so an 

tin 1 
in ti i% in 

'On ftp* tit a of 

flit* 

to an til tlw 

in 

t rxtHt**tu*. 

Th* f flu* ant! 

Sttf flu* rtftfl Iriif 

c$! in 

a to 

lli<* of 

<** 

til 

4 Ibtt to ttin 

li t 

of of 

tttif fills 

to In tills tile 

f ;i Mv0 i* gt>t liti of, uitd ttit 

ii of 

tilt l 

in td tlw til tite 

ttit 



|t^| 
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r*f HiJ\ m ft tip* %|^|f *if im 

to If** f'^ll' Aiihm'it .*/ !, .-. fj<*:it<'Kftt| 

ft! Si ftfnt^ t|'4l I .it'! 

l>i tf|*o|Kj<J* JJ'HJ* * *'< <U 

fltr , ,/. ff .| . 

1% fa Ir Iti.^l vn H 
<i| t:*'<n^. f ,^i;' 

Iff ffir llfilfr f ol/.Jif f fr^ 
Illf lt tr l* !^lM9|| ^'! 

tin* (if <SMji$rrifiiH; ^T^f.i, 

. rjfMlk ft, If IH 
tf* |> 11^1 rv^*i< *l l* 

<if !i i% i* ill 

tilt! 4 1^ ,itv *J;\. 

vif^ll^fl Il4% ^ 
to ttff 4% 

A n v* t*f 



$|| 



if 



< 






/ i| ft 

l^^^v^i, it 

tO if It! ir % llir 

tir ift 

I for 44 0f 

l ! ftlil ,1% 

ill tt$r |r % $ * 

Witt twi III %| 

4*1 
iw<f,, 

in tlir t( 

n4 tt I* 

01 Ilii nMf! i^ 

tin? ,4 

rtf fa fo li ||, r 

tht alii i^,r 
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of thi* thr* it, to 

frtrftf ' f'Nsay^tUfi Kvttttttton/ 

Hi jf * ftlttlr frff fit flfVl'top* 

rnfr* Ulr fit .itf.iih grratfr ffit}wii1;fftri* than 

W'^I'lolrttrfir III ifsf. 

r nf in Ml f /ir ll% t j |ft fh 

by naiu 
in ffii* pro|wr 
tin* iif fli^ rvIttttoniiry 

ff to tw* tit it* rf | f|. w ^ imt 

II* fit of ,4 

r* linn |,|, ir< iu Wtttll , r4W j |t w { t | c f t 

y id in mill |} lrf<% | 

I*i UM! rnlrmr-lMf of tin* fyjn* 

iy >t tlir iti 

III tli r fii 

!kli flu* %* rrr <<g|if!*ftl mw iittiilar 

tjr tlir enN* ill liny 

:ti a tit In* 

tut all Ifir 

It i* not to tit* that wit f ur a 

ifwf nf 

Itti* with tin? 

t tfir O f nny illr f t | urt 

tin* <if ttit* any 

jf It {H only the 

roit til to w 

t for tlir ntrtft tin? tiidc if 

a 

fftf r> f e4t;tt 

ti tin* of it 
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tr** |*n|*; 4 * **j,5 

If < f 4v "* oj tvjiin"'* *\ /, f i^n fif^i, *'< 

'*J|<* imS t j,i k m.m * * 4 ^*% 

S* , lltfl J'Mvf'S "I .,*' \ . -1 n, *? ? ,i I* 4^ r 4 ^ H 

|*tHr*' ?4 >n*^ . H ; / \ l,,i 1,4 4i w ||^ 

ill* i^^r34 >>d'\ 4?f* t i'- -, 4 f4 f .i|f 

Lf t 4 |^0P'fr|r f * 4?i;j}*V, I *, , s - t i/i^ . rf | ^^^1^1 

MiMJJ flir^ * -,f/^9U / y \* .. ^i 4f! ^ 

j'!i|j!v HI \ ^^l,| ^4 t,i) n |i^ ^ 

flir 4||-%r/^^^ ?>$ fe,>*v; ,/,'% 

I J',r Is^l^f'* *4 ^n !, ,*/ vjnS* H^lr, 

i4V i%| # rfi/' I!K >!r.<-|^ ** '*r v (J^U^v^ 

ttf 5111 III 4N il r ^>; 1|| "*r n,,^r |i| 4 j, 

Ht/vr .J ^^ tu fc .'. 

Jt l)i /-lit fa tti^ 4*' y i -} 

Hfr II cii *ru ^*f^ IH 4fj 

^o 4}**iij'S,M witf 

tllf <*i f ftif 

,%! / flu ^|V 

for fim* l *** | ?r| ^ r ^ fl , 

llttl if irpil 
Iff 4H r H f if 1f4 |f| ^v f | ,- | fr || |fr ^ 

01 tflt lift i;t tt*i i*< f|^ 

^y ll^l^ >4n 

fltfft fw ,1 

III 11^ w ^ 

fl 1,1 rtrll 

ffir 

Ibf ^1 gi ft | i^^i^!!^^ 

l >t ^l, 4ft ^ f 
bf 4I4 , 
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to Tint* if 1m IKIH thi* 

i4 4*44 iKiflf* rt"<* tt>hi" tlioM- ni fli** 

In! tin* vtir i1 fh 4 jifotfi SM >iiioff!< ri, iti,if fin* 
si'W if iittrim ffMpir.il h< tt,i***'otiH 

;i nit r |i nf tf'M 

ti *iii4lf<*^ 

III ;i tlf 

%|liiii-, r;m 111* ;tfid 

4t|tl vrty frW fif r4f| ill* 

In ft** itl 4tiy tn tlir 

TlM-y !i* m 

nf flir iif an* ijtiifi* 

4% tin* 

it! tif flu* 

unit 
tin* tic* 

I III* iff 4 f|tf fif an ;|!$ 

an? MI in flu* m In b# 

til iii 

If $* fu in t)w 

I* || ill iifiy ta 

anil luw will tir tn ffi*tl flit 

*( il ttf ftf itft in of 

1*1 lif 

tint if iatt an* noil 

t 

il tiiii 

can i titt o! flit 

cif 4tiy s*it *il Chi the 

4ft tfl 

In 



HJC operation of mnl;tr %< >>,,! <.i-. fh-- 
crifiritm ;tp|4i.-H f < * M-,^ ,,l ,i<| , rf 4 ijo ,,| w j. 
kiwi t> for .1* i;i)mv,iKilj.'t w 



j.'t w )ril , , ,. j,^| ,,j ,,. }4||| 
by the ACIMMI of luftita) vlrrfivMi ,, W ,,|, VI ,| U4 | 



,t null mrtrr -ri<mi f M 3M n *>J iti> 
i* wh, ftjh-nci tlirtr iim- tn v,.fc, n|{ . Mf 

JI.H (M-'-M tn.i<t ! n - lt..i.-v, iv 



i|iinlif>iiivit Hii m .i* <i< if,,- ., S a 5 
or thn rrv 
fforil t iu 
tnugiiw iwiicul.tr 



m whi.Ji ., M|Jfin 
n W 



, but 
t 

Im tluw th tt ut 



by the ^ , c Wg4n H |r ^ 

our powen of dHrrmiiution, 



{t ,M vy part ** Moiul W. 
Mrimfai, )iv not wily by vim* ,4, 



any tott wct or 

havt (o eomkiir i* 



if 

i iti* ctl a 

tfi^ 4 fit 4 rw t% if w< frll 

it if riti 

It s?'4ft b*i')'t ; 

fttr fo its It 

1ft |;it* w' III* 

*'<*f> fli** Iffvt iif flip 

4 

-II iif tin* nf 

4 iff f*y f!i* f if 

of 

in tiy flir 

H|i*'lr% f Wr II 

k*i* fiiil fir 

.njt w it it j f i tiiit no 

* 

an* fnr 

it n fur tilt 

rtf to 

X*r cut! | my ttitl 

m^ wrll ft$ tint 

ir Ilitt tttttt 

iiiii 

tin* 
it iltr by 



ftii^ ctl ^ Iimt 

ft b* nl In tJi** tf* 

li ft $ for* III fit 

Htit, m tot wull 

I 1 * f fM ItM Of p* If, 
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out, arc* in 

way of adopting the MM a fan h;ive 

acquired timing]) the action of natural *Wfioft, 
Many crustaceans, when tlu*y have lost a rltw iir 
proceed to a rm*. To 

for po\vr by natural s*Jection %i-r ^hottld !wv* to 
snpposi% firstly, that evrry in thi- nf ^ 

partly n^gfWTat^d claw, tn^n its tir;f 

listen! to fl* ; s<Tutid!y. 

SO rnliljirtitlfll! hi'tw<vn lolMrft* 

lest tliHr claws, that thoM* 

it Jit tie better fjsatt 111*'* 

othcnt. The tif thi*w ^iijijif^ifimi^ ;is in tti* 
of a jiartly nwuettitwi claw is in flit* 
imprihab!e; tin! flit* is mi 

entirely fatal Mine, if tin* 

were In 

luttt rif p 

all the 
be in imit 

TItt* t>f stii in- 

of fhp nf tin* 

of W* tin* 

ftiti in MI itr ,IA if 10 1 

of the of 

01 By {Jn* tif at 

10 flu* cif two 

in or 01 

the it* only oi of th* 



SEXUAL SELECTION Aj 

n the first place, wo have to notice 1 1m pwti'nrc of 
sial weapons, such as horns or tusk*. d.-vefnprd 
Insivply or (o a .special extent in H,,. U |.H f 
w specie's in which if j M,,, haw, of ,,, ,,,,. 
his sex to strive tocher for the posse^um of the 
lies. In such cases the stronger and bet ter^rm- d 
?s arr sitpiKMcd to survive, and to I.-av,- si gn-,u,*r 
iber of offspring than their weaker rivals, M tlu\ 

form of comjMtitwn is reganl^d a tlM( { ltt 
s a similar way to natural seteclmn. 

a second mt of cases, of whirl, W ny mn;irkal^ 
^nces arc- to be- seen among Nrd*. ,',. m . |lrh 4f(f 
i to exhibit brilliant and varied obur, r in 
m sj^cial decoration* in f},, f t)ffn of J||tJmf . h w 
' app-ndag-H, or to bc> ifted wtlli thr. p, W er f 
It m to case* HtirJt as these that the irrm wxtn! 
ion more pro {> eriy applj,,.,,, , iMCt . , ,,. m 
)td to |.stow (Mr favotiw upcm the 
males, ai) d to reject f| P mdvancw of 



. 

these cases, wh< re the (kwlopm^nt of briHitnt 
s or other ornamcm^ rnuijwnt. fa 
taken pboB owing to I0 chmcp of f fo 
-icularly m s , lch a f ^ m 



chang,. mittt have- come alm i,, direct 
tfon to th action of natural Section, i w 



h , * 

rf the mtnml onvtmnment for id. mkt . <tf COI| ! 

nt, and would hinder the formation of 
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*>xagg<>rat<'d appendage on account of thf Joss of 
activity which thry must mf.ul. \\V an-, Ihcrpfom, 
obliged lo conclude- that natural srhr.tion i* much Js* 
rigorous in its action than sonw prop},. !mv *tipp wri, 
for if this principle is inad-quati* fa prevr-nt Mich An 
Mcuberancf of form and odour a, th.-v particular 
instance*, its action becoin r)j- to question in 
other cases as wHl, 

Similarly, Morgan fmth a Hiffiriilf y in nnilfrstandiiw 
why natural wMim han nol I,-,| ,o H,,. ,-xi ..rmination 
of h|H>cich which an- tiandira|i|n<d hy ! i-xtstmo' of 
mtTniviiif Ktrtfo }i,,-ri tW m-d.-,, , favour of ,thrr 
sprout which faml the K-iftli- of life with umti^rf 
frnth. Hut in thin argument i sn>tiM > b* for- 
gottun that <<\4mj>I'* of thi. knul uf MII!.* in cpt^itm 
an; most fnt|ui.nt ani.mg Iwrhivwrnw anutMlx w$> m , 
fh<> struggle, fur .xM-nc,. mtiM IN- r.hi.fly lH,.t m n| 
by flu* quantity of wgiMaWi- frl wh;h thr imltvitluals 
can obtain, so that thr ln>* of tlw wrakw mak* may 
not bo a diadvam Jige. Mn-ov,rr, Darwin's eimduiiion 
that natural m'lcction i* moht rigro^ ht'twwri im*mbri 
of th namr sf':ii *j j% li*ft , M jf c ,j ac^wmt. 

Th. preceding argumfnt Wm o Jiw th.tt in 
fieular oi*-s ixrtnin struct uti and ptu-mw^r 
eiafwl with J N ^,. .t/jrjnot br rxpUifH^J a* 
ariwn through the unaided action uf luiuuil w 
When weighed again*! th- gtiMj ma>m ^ <. 
which Darwin acwmultttrd m W ip|NHi f Itu 
tltv few eonidemtion cannot IN* M! |i b,. ln mry 
way fatal to the fohVf that natwrd wlret Jon >f mmutl 
dUferatoct has played an important part in the origin 



INHERITANCE OF 



of species. Si ill, they add in *ome m'MMirr to the 
weight of ircent evidrnn* which to flit* ron- 

clusion that many sjwcifK: structure* *i 

different method of origin. \\V have 
out that there are two alternative methods, t-.tr h of 
which has Us adherent*. Hffon- to a 'nu 

ftideratiou of the now vi*w of 

still ti In* to I hi* 

remaining theory -the theory of f*ttm.irrk. 

Darwin himself, as wf hav f ven, flu* 

minor import anee of (lit* inherit am:* til 
charucters* an writ an that of flit* til 

sporting, regarding both the*** |tptff^i*% IIH 0( 

the origin of new species to f!i 4 nf 

natural s*leetim upon individual fiitirtvtttv^ In* 

upon the* latter a* flit 1 in 

evolution. 
later writer*, however, 

in the of thi* of 

IE any to tltt* in** 

of 

it ln% 

nay tint 

of tltt nf A* K> 

the of ; ami 

hit* ti 

tit of 

the of 

was one of the few had 

of the of th* of 

the * of ' Its 

3 
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all in IrHow of tli** 

of spirit** wrfc* mrnrnpl''!** nn1*'>* vw tu< .in** by 

an volution *onM 141** jJ.*< It id 
*ugg*strd, Spt'tio f atlopfMl *!K f.,ittMv ui-ni floury nf 
moflift<Mtinn. to *his h<* *lw,ivs "iiiiiH' 

flw* v.ihilifv if fi.iiin.it .lr*Ufm ,ts 
an fa for in f IK j-<tw ** >m' f ^jM-in^r% 

ill (avunr f 4 ti li^ f in tit** inltif4iif;^ nl 
dur.irtrtN at** wrll %vifffi i-"|ii ! fifKiii f 

tll*'V J*'lVf 4 I'H1 4lfff|*'ll^r ?rf*!frti 

Ifrflrft S|wnr^t% tfifl%r4^| m flu* 

i'tiiiiiJi*i4tifi of if nifliii*"** tltf onijiu M| i%in#li 
tn* r\)Kunrfl hy tittfiti4l * J** fiHii I In lh# t!$n 
fh' inhi'nt.tiMv of ii'i|tin^i !i4i *<I*IH. if t!,i* nl 

If 4llt r tfHiift l>'* J1*V* ( 4 l<t J|,tV* 4 t*Ml 

UH Sjn*ltrrt*r IHif'Vrfl it ti tit* a 

|iifft*rflf i flit* if fill* 

lit III HjirfH^t 

ffif lllr U*f $|f*t ytf 

tmf fir .tful il$^* 

an ii t$f (if 

III 111* 1 III 

iflr iff fi$r 

|0 f|i* f|$** 

Of I** 4 

Tin* <*f 

ttt<* *if 

arr in br* Sn *il tin 4 

tif ',>* tiy 

tltt ti^* of it nf tiir tif 

IE* K*I it If i* 
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that with the tip of the* tfu* ran be 

distinctly recognised as two arr 

by no more 1 than iV inch. When to the 

of the back, on the other hand, the lir 

opened to a distance of 2 the 

of a touch 

sensations, 

Tin* distribution of this of 

the surface of the body i* .ipprnxinMtrly i f ? follous : 

Tip of tongtw . , . * - A m'h. 

Tip of linger. . * . . , ^ ,, 

Inner surface of second joint M| 

fiiwr .. . . .. , , | M 

Tip of Host* * , . , , . . i M 

Check, palm of hand, ;uui *tul <*f 

givat-fcn* .. .. . , | M 

Forehead , , . , , . . | 

Back of hand, crown of head I ,, 

. . ., ,, . 4 1 4 ,, 
Middlct of bai:k, iiiiilflli* nf 

of foivirm * . , j M 



il in out cif the (o 

can if tr all An 

of I IK* tips of lilt* 

IH* nf ti%r as to tlif* 

it a f 

But it In to tliiit tf CT.W tir fur 

l to thi* tip nf IIM at 

iii tin* tip of Iili And why flu* tip f 

tlie bt* ttit nr ttif 

tint top tif the or tin* 

tilt* ? In tin* Jawtt it u* 
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in a tip* vnv of i% tJii 

one hi* Inrl; is }trrnifl<*K if }K 

for to lav** ar<|itimi a 

nf fottfh fit* tint* no* v4ff,K% 

II 1>V th<* fwvttff of \V*ion ,H WrJl 4'% 

)iV fb*" Mir^iivr 

If an is irj;.it<l<i! 4-% far I'filini %n in 

an h- 1*1 flu* 

)!**! Vi'd 111'- ||f 
vlri'<lon> 

On fhf >{fr*rr fttif tit** 

nf Hi fh"* ah^v*' Lilt!* 1 

in rx.ictJv th* 1 **t4u' MJ ili' 

flif* if ^r^ 4* 

lo tXjirrirlir* 

Tiir i% JM r|< tit i ! t Iir 

hv fi^ r %ttr<*p" ( % of th<* 

Thl f of fll^ fllr <*| fiw* 

art* tit nut m tin* 

Sf flir 

an* flit* nf tlir im k nf f||# 

in 

i** nt fti In* *tf ttir 

yrf it i* t f l t^ 

a a* fir of ili^ 

For ttir tut *ii klh 

hm tin** nf tin* ill iJi%* 

ity j liy 

i nf tit 

tiw in tlii% in 4 

I* 



C(K)RI)INATKI> fir 

Two Wind hoys examined by Spencer w n* 
to be* able to distinguish with flu* tips of 
points separated by only j' 4 in* h. Awl two 
compositors rould both in 

placed no more than /r inch apart, so u 

with a trained of touch a 

ftnt*r development of an 

individual. 

If t tlii!n t acquired of .in* in- 

IiiTttitL rven to an <*xtri*tni'lv rxtritt, a> 

would bi hrarc:t*1v pt *n *pt tlilt* in a 
thr account of t!ti* of flit* obsi-rvrri 

would IK* *:omplH*. 

AH a M*c:onci argument, HrtlM*rf niit 

the difficulty of ac4:ounfinf( for tin* dt*v<*lo)mt'iit of 
co-ordinated sHit of strut?! nrr* by tlir at;tuit of 
self Action tipnii s<*p*u.iti* minutt* cif tin* 9r\rt4il 

concerned* 

Tin* rmormouH of tin* lk, 

ing in it 

4lfl 

and fcirr leg* fur Iltif 411 

In tlte cil ii 

of tilt* fir if 

by a In 

if not be flir tif 

all the iti 4 

I* if 

are utici tin* of 

ii in a 

Let Hi take cm** cif a* fit* 
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Of ail ilH 4 * .if ,11 r 

for thr purjw.M' of 4 spring. In 

to arrive* at n ttucfw<" hv thf fii^liftr.tftoit of 

previously atLtjrtnl "iily for 

in *il! tli< % hours, mttsfi'"*, 

of th ami thr** 

p.icc* with ow MI ow no! 

<*Ut of til?* frnf , It t** ijlll!^ 

to fiiH i:4ti t>f fff'Tirfl hv th* 

vltrticin if forluttoti't v.&tutioiv* *4 flir 

%Mfll f!tilrjpiirl*l4flv till! 

th*'V i:}i4ii|*f"* tip* foi<* !'i! hiv- in'i 
ill a fr!,ilJy M|ijio*M^ iIii*4iMn, Th-y 

hi*- f* ii"ti%iH|* fh 

of lilt- ill thv h**j I Mitiftiff% 

HrtbuTt Sj-m*r, thr Mh-n*v ij 4 14!% h v .4j> iji 

011 to a fl v h> fh- IH' Ji i ^' .r* it 

flir 

of fir lorr St*i* < of fir 

III f'VM tSf i*jl|t*^llr 

III !! CM'-, III * JH i$ 4 |*t/ 4t III 

*if* ro t ; i 

in i, id! lh" 

nf ill lit 

Pi ftir i^itf i h't% 

in If $* M\I! *if llir 

to 
by 

1 li ttir I 

If of llf 

ill lift *r " til 



OF ACQUIUKI) 7* 

vidua) an* in anv m^asurr f ranMtiisMhl** f n el< stvnd 
then all thf'Sr co -adaptations, fit* 1 Mmpl ( it up In 

Ihc 1 moM complex* art* airounfrd for, In vm" *'.w 
this inherit ancv of aeqwred r,h,u*ictrrs ^ifir* s by it v*H 
to explain I hi* facts; in othrr <MVS if Miffice^ when 
in combination I In* of Uvour.ibl** 

variationn. An of tin* first h 

by thii just consicli*n*il ; and an >f th** 

is fiirnitfliril tiy tii^ ran% tirffiir 
of di^vi'lopm^nf in a dwr** If, by 

maHsivrnc^H Hpontan^onsly tir I*? flit* 

of an additional ** fmint,*' an n 

fnr attack or drfrnri% tht'ii, if flit* inrrravil 
and stri'nglhrnt'd :har.wli*r of thr tlmt.it. 

wli*lfltng of thtM* Homowluif iMMvirr hont' jun* 
t^H, ar** in a or Irsn ii f gfi** inbrritrd, tit 

Htterr^tw grii*riiliiiH ;ir* by prui;i^H 

brought i^{> to flu* rnjuii^it if linniii*^ 

and advanfa^rrmH fm a further ini'tiM^* 
to plftctfs ami ii in tin* 

for flitfti, so fin 

By iit 

in to can 

b> kt|it itt IJT tit tci 

tif tin* 

me I lie two 

ha* of 

or han fifi 

A wt* out In tlie last 

* *Tltt ui 
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to br no in tip' of 

rhar*ui**fh inhmft'tl. Wfiununn 

iiciwfwf, poinlrd mil ,i vry 

In into n ,i of ttte 

fit tllr nt Ike 

of fl*vrl**jnin'nt. 

In tin* ordinary i**irv* of rrrnK *'vry *n* of flif 

liigfirr jiiitlf'f !' if'* *\!Vfritrr in flift 

flf tl r-H tip* f^lt$ll/rfl fif 

Thi;* r,*l! no tfrii,! vt( th* 

s**rti*A of iim'!ij* it nJnn n it 

^ilttjrrftti lo fh" Jtfoju-r i ion**. Wli*ii tlir 

1% jLic!t*ri lit iitftit4til^ i <-* 

In warmfh* iPiNfiifr f Jtwul-iiijij^Iv, fli* ltk% it 

(!i\irir\ t%vo |*tistiofv, 

rillwif.ifr |liri4i|f|rilr< 4fl* to 

th<* 'f|ti4j til if% 

K*M It of th* trSI't 

i:*lh, |iy 4 v f ti"ii w< 

III tip* irll% flit* 

4fr rtf J.1%1 f xtM^tlMV 

fill* 4 ff 

if i% 4( tlm 

fill* |r|l' 4 

III ttfi^ ; 4H4 1|||- 

ni y/ 4 ( atl f h*- 

tin* 
lltr 

wr lJi- 

*if lit** 
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dudes that there i.s no mwiti for supposing 
have undergone any modification at all. 
If we consider flit* cells whiclt up .in org-in, 

for flit* moment srparatt* i r!t ,is an 

individual i we see ifut *ach til these 

an ancestry of to 

the fertilised ovum the cell in flit* 

originated* So far an I hi* cell 
are tin* of a t* 

ni thr of 

cither At a cert ain biu k in tip* 

01 the we oifttr a crll- 

fcir I!P* cells* In a tif 

ing organs and flit* mn* wulely f he to 

which the cells wi* ar* th* f 

w*e go tn'for** w f lirit atn*stry 
in a cell, lit a way a* 

id it i* found that tin* cells or tif an 

have a cjtiili* 

of of tif ftii* body; 

are the tin* In tin* 

of flit* wr fot*i thf 

tip to fin* 1% 

tin* one in 

all the fin* of ilitf 

tif a 

of wi* flitt cil i 

of *IH tiy 

tlte til flu* 

of thi? in ; 

tltt lip tlir ore the 
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result of so many offshoots vvhirh rorw to an rnd at 

tht* d*ath of flu* orgtnism, ttnd l**.t\v n pro#*ny of, 

thi'ir own. 
Wilson has ixpn*ss**d this vir\v of Wr*tstn.mn% 

clcaily : * II > a r*v*tsa! ^t fhf* nf In 

r*'fiard as taking 

finiti flii* body of flit* parent to that 
of llw* Tin- rJiilil 

fill* licit 

flit* lilt* 

im*s il% rh r ir.M't*ri:"fttt s mil In tilt* 
wlm h lif.irs if htif to iff 
ilrst'i-lll 4 ptr-f \lMini! 

rrli of lli^ '*,un* Thus flu* 

Itwly i* as it \%rir *tfl njf shoot 
flu* **'SI. A+ in 4% 

f4l!**f* l*i rttiiiv! l$rfl fl|t* Ivwlv IH 
tti*t*lv <h* i*4i I if t til th<* F*ilit 
atr III I'tl 

Iff III* 

1% 4 of 

Itf 
In of 

if }*r ^rni thi' it|r i til 

f* til 4 ao 

tiy 4ii 

is flit* if a 

in* hv hi* 

b^ 

* f f fir tit Iiili^tit4it*r/ I*, 1 1 



f C 

kf 4 





tt, 
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OP UIK f'KM.S /* 

Tiu* minutest tidy of th<* ^-m < ' 11 . f al* si in omi- r< 
tion with modern r\j nt.il mtrl on thr M' j th<*d* 
by which inherit .HK** t,ik * jlit\ ^V\v* i i 4iung 

t*iui**wy tfif,fiiifiii WriMU inii'n virw, so iif ;isttnM 4v* 
of distinct clifniifi* rhiMd^r^ i* <oi''rn* i i|, Hut 

if wt Hiiili <i* ?mii*' liai4f l^r:, 4^ h*ivtn^ 

by cl*fitiil i M*'p. r itnittilifH ;tf Minlitig t flu* vtiw 
new ground* fh nf Ji.ivr iii 

tljitill tlif* |H* s Hll*iil ril ilv s *% MJifi* 

H8I! d0**i turf Iriid to l*iff:* ririiiiifr rji4lii!*^t III Ihr 

indivithuil, hut tit r,niiiji;ii4fivrjy rfi4g^ >< ;i 

quantitative kind. 

Tlu*n* an* sr>nn\ iiii'lti4$i$i; ilr Vi'V"-*, who rn**d alt 

find tinting variations UMM) f ri 

of tin* nattitr of ;i* ! ijiiiirti i iwmtii *p, N fi'tii|f 4l 

flit* fill!** lUJMhlr of Jiririlit4l> f I .lit Illl -'.inii, 

di* \ ? nt**i Jif s }tr%* f * flw* tit |of;t*-v 

in t I)* 4 Mtii.lly J,tt it* i<'* 

If t!if 4 n h w.ty in a f will 

c.in In* nf. 

It l>i* tint th* 

ttp lift ;tir Hfil fill' 

aiit* : oft flu,* if 

to 

**d, 

fi4*t ill *t tif 

01 1% tiny 

at ul! 9 lt;u w (*ir iw 

to of in ;i" tifi nf 4 

cif lit tin* 

In it Mm- 
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to lw* rut off ftHftt ow annthrr 

so nwuw rloM*d hows* if has b*' n shovui that In 

universal rnmmuni'M*iti lifimiiii tin- 

massif so titclovil, in th* *h.i|M* n( 

fibrils of Mibstawv b tra^rs^ t !i< + tntrnm* 

ing wallf*. 

It woulc! ** ( t*in jwr^ibb 1 for ur 

soluble* subhtanri'A to jiav* fii*lv fi^tii nt 

titwiy ^f tin t anotbi-r, If i* jf>stblf*, fcir 

riiiiitjt!**, ill'* fiiiiii** 

llllf III fit* 1 t'Xt'H'W* tlf A t||!!>rj* In t- ,iv*ilf I 

atrci with an inwav*l f*i<4^ fi^n of ^onv 
rb**inu*fil stib r *tan'\ to Ibat an m tv 

til flu* s;on* sub'^ani * b* '*m' 'ii in 

tin* g!*ft!i w f rlK HII %nbtiani:r iitnilii I**- fit 

in flic* lit ^rratrf abwutotn * f h.vu 

bn*n flit* t.ris<* if lit*" 1 ol lli* !*.tr'nt intf 

4*\*-rciv*ii, lt<$!iftfr 

flf 111* 4 tfV f'V'Ht^' ill tllr 

III 4 If 

!* 

ill* Vt'i*s ^f'l'iii^ to Jiavr HI io IK* 

tin* ill 

tit" j*o as to b' lit 

4 fi*w y* 1 

to an It 

Ix* ill J*i44-Jirr tif 

41 <* Ui 

t^ IPI 4t 

to t|r Vn*V 4li 

art ul ttii* o( - 
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d we are in- 

cited. 
On the hand, suvrral of impiiry 

mrafrly Jtd to fii< a gnat 

flu 4 visible 1 <:lura:t'nsfi;<i of *n gamins ;ir* of a 
'mitt* kind, and an* inlutitf*d d'*ftnitrly ( appr.ir 

in dt'torminrd by ttir of 

itefMff 4 ^ or mtlftfamtr's tit flit* *.rJK, Th* **vi- 

ici% as wt st'i* I;itr*r on, in f lit* 

it ch;inu:ti*ts h;iv* 14! a ^itiijli* 

p, and\v* rrmntttdx* in surlt ;i r,i'M' 4 

in flir* gf'itnina! struct tan* JI;H fn*iii fr^luM'fd by 
[(finite* ahrttfcfum in flu* riliirar'.fiT of tip* 

fnm f}i*gniii ; simr no on* ran sMpjwsi 4 
(i and tltfmift* Mtiirfnra! ,4ii fn* 

ln f f!i**iInll organism .twl initnti'I f$v 

a pror*vs IH 

*Inw wt* MH* tin* rif iictptirrfl tliafv 

urn, If tniit*rttaiiri plui* 1 ** ;it all, 

%t IK* to ffi^ tif nf ;if| 

In ttn* in itrj , nf 
or 

r, ii In that ;til rutifttttimN 

art* not *if thi* nf 

We Jtt f|f t|l4l IMtffjiinti't 4ir || 4 fi 

In f lir whit ft 

lit* ill *:|i4lml^l'fi fill* | wt | 

ntn a it! 

*H - t|A U41 wilt in 

lid li^i.% la* jtiit 4/1 

tllc In Hit til 

ill 
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It in {wssibh* that Vitiiiitwns of this tufniv IKIV 

ally livid to important <tn<l *vrn to sprnjir rhang***, 

but whether this IM flu 1 c,as* si ill rmumx fo !>* ptovnl* 

On fill* OfhtT ll4!ifL Wl* sh;ttl VI* 111 tt sp*'i lilt' lillfs'l'i'llCi^ 

^ is 



.if *i 



th< 



do 

but ificlir* rf rvifl^ni*^ to show tluit fit 1 * i* th<* Uiiv in 
which a vrrv gf'4f nMtnb-r *4 sp ifu !MJ< ? * tiri * h/tvo 
.ultt'illv ufiM'tr fnil^f! M*m< li,u* f^ii^tiflfri 
this is flu 1 iiiiivrr'-wiJ prcin *s l>\ mitt* h s^rh r in;r% 
riglfiiitt% bill is tiirt |>ro\*-l. wr in if 

*ilfflg + flp fc r 1iU*'ly, 111 -HIV a i * fin 1 ill illir |f 

lirijllilt'fl <'ll4I" 4f **'!' % ill hi\ ItnlluniJ KM l|a 

til tfi'fiiiili* tii if.MUtumuu'* i-iic s 
This is a probltm tu Hhu;h u- 'Jt.ill j'tutii in tin? 

rcuwJiitliiifictiitfif^t, ifi tl,t" of i r\-! 

rnfifiiiiti*t 

of mil ! iiy 
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i AH A* lit ; 



Il^tlSt'^lf* 

Ilir lint ml it.f 
1 1rt* Yrit ****!'< f t 

i In In4^ */ 1 4 1 *i?i*f 3 t^ 

i*^fiiiitt,.i | j l<t^rf% 

Hi* 11 M^jv^mrttt* 

I 

f rffi'i** til 
|, Una i,*i i * , 



. 



w^ I < 



'i,ts\t\\v, A, , r^iy* pm fl^r^ liv < 



% F n fiif 4 piiiiutn' i * i^i - tf < hi*,u*i'* r /nhit 

iiAN, I II K\olitfi<tj *tn^l ,\<ltipt*ti 4i I'*M 

s i * ft { Il4it%iti ,<n1 Vft^r f >.<fu!tt %* ^ - it 
it f i tos, F, II lv**.iV'4 nti I'HifliiiiMft ir^*'-* 

, I* * I*f* 'i*lnitMl \<!<|fi-*", fi| ffir* ftnts li \ 
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j;?V 

IN tin* c!t4f*trr w<* Juv' in *m <)*<? in 

tit* ill 't,ttt'.!vrMl 

hav* trrit applied to M-iluiii !***J*^u 4! 'ti^U, 4 pr<**'< iS-* 

ilig to f!n* Jiiciitis^ifv 1^'t t* 4 ^ li 

by I'rofi'wir Idrl I^Mi^on, H'lMfv i ^ipltulm^ iitit 
f ,i tf .*m* >( fJi^ 

rViffriltr Iir41ill f * fl|* 

Of i*VilIilfiflfl it,U lirrjf fr |i\ |}$i* 

ftf MirSlfr, 

Th* to tii* cif 

In f!*f* til ffif* 

In th 

iif a of In tin* iif 

*ii$ 

iif ll$f nf itt 

In 4itl out* in flit* 

1Jt<* of 

in i* 

mi an 

to th* ttf 

miici fmti i 

iif fir in thf 
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The in are 

the of work published by ; 

they largely in the of 

of with and as 

such it would be to any 

of them 

The mention of the word * f at a 

certain prejudice in tin* ordinary mini! ; in 
parlance! the unreliability of 

statistics is KomctimcH an proverbial, ^d a* 

In biology they liavc% an a matter of om* wry 

danger at least, Sfttt*Ur,H cle.il with 
not with individuals, and there is a real 
involved in flm fact that tint average of a 
represent something quite different from any 
which thcs group contains, whiUt at tin* a 

group may include individuals of very diverse 
Ncvartlic*!! 1 ^, when tisfcl without prejttiliri* to flit* 
of individual inhttritanrp by 

the* of tin* 

yielded of fit iltt 

evoiutionisty particuUrly in tin* of 
as by thfl the 

of to tltii Is 

at out of the 

of go 

for it i 

of tlt^ by 

in our of t!itt 

of can be 

it the of 
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h wanting, that n'\v sprn<*s luvf 
through t!n* arctimulatiun by M*!<rtmn of 

of a Htiirtly or 

kind, Wr for briimiiig 

this* is wry far the caM\ 

will hi 4 tci add to th- and 

qaantiiy of ttv* 

*w* 

ran tir tri a 

nttmtMT of iifl> or Litres s0 

numinous HII fli* 

of thi* i^4fiiiii*'ft in 

{iron ding to th<* ff**tfii! u *h<***n Jbt t j %4ti!iiulit*iit t IH 
founrf t rloM'ly ^^ th*it |K 

i'X|"t* (I Oil tl<^ lit fii-ifll 4 !*, 

Htrlt 4 <h-*t Html tun will wh n tin* 

1411 lr 4% ft 

^rttlt% *ifr 

SH tc tlif* 

*if a 

It in to tr 
will In* tn tii* nl 



of lint 

to I'lilt W* 

10 tlf Ifi^ All} of il I^W 

of do and do wot to bfc 

for tltr of 

it In* tin* 

is hi* iir tilt 

by the ills of tlw **yr Hi i 



DEFINITE DlFFliMKNfES l*t 

tinuous series of eight shades, becau?*r in M> hi* 

groups together a numbcT of probably drimitc factor** 
with others which arc 4 of an indefinite kind. When flu 1 
colours of the* human eye to be htudied in 

detail, there can be littli 1 doubt that they will be 
to depend upon such factors other*) ,t? 

the following : 

1. (a) Definite in *trucfurt! and (A) the 

and of in 

definite ; as well 

2. (a) Indefinite variations (individual differences) in 
structure, and (ft) in quantity cif pigment ~ 'if, 

the quantitative differences art 1 not found to be 
definite. 

In the above example a and 

object for biometrical In* the 

differences in amount of a 

But definite differences in the of 

an apparently quantitative* Tlir 

(Fig, a) tlir in 

of this of but 

of as tiy dt* Vri**<*. 

In the aw in 

to the of 

of and the of titi* 

is in to tiie 

an Une to 

the left of the ; the iirt 

by so a j* 

ttttt of the It 

Hit ml 



ill 

fhr A C 4 rl'if^rf^ii4tc 

' of tlr ii 

i' aol b> fit*, f<Mt Itr of 




\ 






i \^ t 



in ill II, fin ttif 

tit 01 at twii 

cif a *iri* to b^ 

tfir tij tlit* 

by Uir 

f lit 

i* of a 4 

but in tlif i* i 

if i of i* 

it iftij flit 

tit til Iltf 

will IP and 

nf wail tin* 



in the tact that toe CM tiic 

may be smaller than tin* seeds nf flu* 

strain, and this b a difficulty 

to the original strains before* H< a* to tin* 

of the evening primrose fruits just 
Now, it Is clear that if we mixed tnRrthT lite M^|, 
of several different races of pras in fit** profit pro- 
portions*, the result might h*ad to a iinntitil clisfrtlmttou 
of the kind pnwntly to In* cli*,4c*ritn*cl, Tin* M*V*'M! 
races, howoviT, wotild none f hi* Its* In* piTftvtly clhf iurt, 
evm though wi* rould not st'pjuat** tlu* 

hdmigiiig to iach t>y any ilipv t nirf hot!,* a 

mixture of race*s would constitute a dmirlrd pitfall {nr 
the unwary statihtidan, and It m 10 

that 4 after even the 

the IK? ;4fly 

of certainty flu* 
the net out. who it 

intellectual! effort in 
unfortunately, a to tht* 

Prior to the of to a 

of n nf pre- 

liminary to te 

* It be to i 

seed to by it *m! tl$ e 

of In 



by yttH*l'f tiji^ti IV Hf^tf th J 4 

hi* .it'll J*T< *>*&< ,\< *l 

t'^ \\/ }/ 

in fliti t*tim<fn*i 

tin* l^v ^!rrM, * *n * 

til *!*? i s^ .n < 



Tlir fit ,i <t**t **tfi 

to* tv t t*v 

Tllitt W tfl ^*V W* jifiiir^fi by II^M^ilI* |i $'i| || 

in i\'iir <| *#i/< <i %1'i^y^ 

by if flir i|t4i4if4| *|O*A'V ,i vtir% nf 

iif tl% ,/ g,, if it r* 4 | 

AH III*' f III J }r,if *r fh-r 

III tft il * 

Wi 1%'? |<i fcur* 

*<* 4i<* I hi' 

III *i||il Ifir 

an* ttif 

we a uf 4 ft 

ill 4 cif 4 

llf *'* 

b* 

llf Will f/kll 

ar Iiiiii In tiie itf 

itie iirr ty ihir 
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'* n, fiMf i> T* *MV ** ^iwi; .?j *f|iMi 
fif .iK 4' I'An'fX 

Tittr* if w* ar** tn %fs!<j}i*, if 

%vfr 111^4^ In fii* 1 ti*',w t itil 

ttli* til ft f* ! f sft !i**u,;lif \**fv,iM f,i!l 

l it>"* + ffiiif-r i| fi frrf f $|i< 1i ,tti*<Ht* * ! ^*, *'** 

fill. If, oti fit* *it*p i li mi ^^ H'* I** %; f * 4 if) * 

iitg tin* f i4V f f ^iH * PI fti^ 1><.*<!* i f ! >)'.K* # 

*4 |}4%'i llj fJi*^^ l,>f f ,|i| J f ^LlM* }A',- .#H| 

4 *lS 14V* 

f !< *'^ % !^*^*'VM,, -i ^KJV^V *ti 

a *< H*< '*"*Hf'3ti4'l4'< 

bP tiy Il|* v 111 ^tlil^ r( 

1% ff fit Ifi^ 4^*1 

lor tin* to *l <4fi 

f>l tin* tif tli* t.iii tif 

nf 4 Ilir 

if A, 1C f 

i< iii^ 

Wttt |n fj#r 

fid 
in ill ami till 

la th<* of iti til llir 

art $ lift <*f 

ftf II M*r ii In Imr tilt 

fit 



NORMAt, VARIABILITY 

of mediocre individuals comes much 

into view a as a of 

can tw cotaidcrwl, and the 
in ;i difffiimt w,iy. 

|ifr ctnt 



ill 



ill 






40 to 



Fin, 4, 

Tin* H rurti*i| tho Antrim in 

tk* cif tht* jablw, which is 

from It 

tlit- in tin* cif jnfli (a 

by an in n hy 5^ mm 

m nt tlir in 

i tiit% 

bftif lim* in tin* 

of ptitt cif tltt* rtitlit ami flu* nf tin* 

tiic% the 

tlf fill* H}|*H wljfch 

tacii of tht con . 

Ill fllli ft jg l^ny | f| ^ |j m | |j |t 

is ttiti tin* 

t of 



I-..,* t r, 



nl S 1 Jt, 

V Hv 
, '* ,* 

ii ft* *I 

Alrt*r iwt lf 
1 1 if i 







If! 
$ ) 



i; 



it 



ift* ill H iii^ir f!r-t 

tip* tii ^4 il 



\ 



Pig, s tl it <if a 

uf ^f 



qt 

. anl **\hitit * in a conrist' fhr rrMilt of 

4,446 nu'astunwiit firm cirri by thr <'anibnclj;<< Anthro- 

tiir. Swirl \*. In this flu* statntf in inHtts is 

indicated on ill*- K** liin% whil.t thr jn ipmclimlar 

jnri'H iiiiliiMfi* fin* i iif c'r*Ms ill witkli each 

ItHgltf WIH iff^iftli'fL Tin* sf^iiiratf* riaftsfH 
in thi* '^rf f itulurl'' thn*,i \w*rr to fail within 

tin* of | *m rilliiT Mli*of arh nmsfcutivi* 

*f statutr, m fell 

iiitlf-%14^ hftwt'^n two r1aw<4" f,)j M nin* of 
fx>l inchfs iri'ifiiii^l ,K a tn csicli of tin* 

in iftir -tiiiii, 1 1n* i oiittnmMiH HI thcMlutgrani 
l!it 4 iff flu 4 4 iiriiiil curve* f which 

til tilt* by 

flf* *ht*r th* artualiy plMttrtt. 

Ilirfr M'<*um t h<* t'vufciu^ in a 

it of lh' ohtainw! in 

will to tin* 

cif IH an *i m tltc* 

cif tin* of the 

In tci 4t a of 

tin* iif tlit ^tonnai 1 

<if the 

of iif thi? of 

it IH* our Iti in as 

ft* 

itt t lip* of ftp a 

of If we to** up two 

we get liny of the ; 

|I| fil tit Ail t.tt! t Ul tail (4) tail tiiil 
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If is itr.lt 4flV tfir iif <h< '*' ''MiituiM'MtfV* i* 

t .tpjt'.*r <n '*m w\*> <*'<. vw. if tin? 

.tijij*rrfl IM IF- *t*jth f 'Mij)ntir iL tli4 ;t?r 

K'MlltH aft* 111*' ^ ti< fc tittjr'. * Itn* n ^i|fj , 4fi* 

l||'4!l!i:i!l"1l4M-, ^M \%* J ItUV mist^ flir 

ll l^NHIfl H|! Itto Ji*lliil*"^ <)J * Hi fJlr 

. 

i iui ^ H t 4 1 i r, 

i If H H * ,j II 1! I * ; II I 1 * t i I t, 

111 flu* fif4 ?.**<' ff f r <^?M ,- MH t j*j,* n ,r* 

II II if at)V ^lfi|:!* f!i?^H' m4 n$ flii i ' 'jv! i ' * It ft I 
i^ lliif*f* * A-* h -* If it H w i?* f i '^3ii*J* t** ' 

Cft'tJtJ'tlt'V fl ^ th^ lMtS^l * j^^'|J^Jr t i#l!i!^!|,if j*ji* ill 

fif tf <*ll^ s ll^r, |</| fr|$ 4i/ni'i f |J|4' 

f ' 

i, Ji 

I****** J I , 'f 



I 



I 4 r^ 

! J i 

I I _ y 

! il ' | 






aw plotted in tln 
fFig. <>) an wrfical above a 

Tin* hy the 

aimvd at hi* obM*wd to 

to flit? FIRS, 4 and 5, 

Tin* thw sriti*s il already an* 

aft* obtained on the 

fl f f"H ft f f)S ft * M 1 ' 1 - Ifw tin* 

rrf flit* varuin^ jwtWtiSi* art 

art 1 by tho 

nf ft 4 if. 

Qurti'lrt Ita^t out flu* frttiivn prohahilitim^of 

fill* ill flit* CMW til 

i\r M flu* of 

(Mi) vw * A frw til art* it! the 
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hriiiR included Iii tiH Wfftft 550 : 4411 and 44^1 : 550. 

Tttr points* thus obtained arc .so together that the 

i*ye can scarcely distinguish whfther they are joined by 
or curved We have, in fact, arrived at 

a clo.se approximation In normal curve. 
The approximately may he 

lo be closely to the one in Fig. 5 ; 

in tin* two ure of a by 

tint in one of 

tin* in a ratio their could be 

practically identical. 

The arrived at in this way approximates to a 

aim* whtrh IH intelligible to the mathc- 
flir y 'f |f , Tin* theoretical 

in r<*;tilv arrival at by 11 in thit <sx- 

fi * if** to brronn* indi'ftnifely Kn*at. l*rac- 
y, by n %%* can g^t a near an 

an we to flu* curve of 

in the f relatively of 

if tlia to fltt* it 

a* Ix* by 6 7, 

lllf of iijl WM 

OH a tif tin* 

f an tir u a 

nf of in flit* act 

in two We 

can a 

we fltt* 

of ni! tit? of be 

in fci up tlit 

of any ttiiil tJyii lliti of 






oni* nf f4iftti% w<* 
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It now iwi',sitv <> *n*< ni two 

^* l|Vli If1 
Thr *l ^K' ^ 'W*<* ^ 

*.IH tw I he 
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all the from which the curve is constructed. In 

actual obtained by practical methods the 

of tin* mode, the median, and the mean will 

only be approximately the same, because such a curve 

is never perfectly 

Tin* same curve can always be reconstructed if the 

of tin* are known, and, 

in addition* any one other point cm flu* curve itself. 

A to for is flic! point 

at which the curvw is by a straight line erected 

perpendicular to tin? it! such a ciistance from the 

that It divides flu* area enclosed by tin* median, 

flu? half the curve into two equal parts. 

Tin? of a iHsrpetidiiwlar from the median 

In as flit* Any curves will have* 

quart iles one on either side of Urn mwiian ; they 

artt ;if Q and Q" in Fig* H* 

In an approximation to tin* normal curve of 

in by flic of a 

rf or other deterrnina- 

A It 

cult of th a 

01 can In? j the 

itn 

iif it 

liy the by tint and 

it will be tlMt half Iltn nf 

flie two and half 

tttsifi. 
A (r/, p* 88) may lie as a of 

nil of a 0r a 

7 
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l*t i^nt* <**M'*v *fj< fV f *'*lV"J 

H #!*' trmifilvy ni ; ,tt iff ; vO*** l i! ^r^nu 
Tji *m>*<w * * ^ 4t t?,,tf >4 ,*Mi in 1 4 
irt^nf, oj ^,i?i^f% H jri^^vtrrt) hv f ?,r 4i^j?r** nf 

J *Jfc* ri|f%r A fit! r*5|!tr il4 rt ,4^t * fi^|t^l 

4 f itr*'|t i |r %% *,,if, nktitv, 

fti^ fhr .,fr.i dfir ( 

lit llir v.lflff ti^ JnMjKf fJut 

mill fl* f||t |*i^^5un ^1 tfir t|'|,|f!|ii% Ml tiff 

irf fjtr I Ji^ t 

* 1 ?/j III ;| 

Ilir fi( ^ miJ Q- f|^m || 

I* A 411 .IfffUlI ||| 

It vi m 

Ilir *if ^ a4 <J r If 

Illfr in %t |rj| A r/4W , |} 4r 4% r | 44 * r 

It ^i* flit? 4 |}ir 

f III* ill nfi| H m |g 

Ity <tifr y, 

it ttbr til of 

% *"** I* f i* In 'ft f tii% f 

on t* 

flii in g4 to 

Jiy n| 

It i|| f lfi | 
* 4 |. 1||^ 

ticm 01 1 ili t Q| 

in any CM*. 

4 tl tit 

in m mlml to 

of 
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!> fly IH . cr r'pi*M*nts a distance* from 

flu 4 mode eijual to r/ * 0*67 15. Titus if u is known, q 
fttit In* icaddv detct wined, and riVr rm#. Tin* reason 
foi tin* tw*iv jfretpicnt lint* cf r is thai if liappi*us to be* 
cli'tiTiuinabl** \vtfh girdtn *irviintt'y an actual 

wricH cif Viii!*tlt t4 >* 

Wi* liiivi* In a iiifasiifi* which will rttahli' m 

in ivnt;parc flu* variiibilify of or m> 

they iVfjttitv In l>i* rxprpssi'ci in units of 

tn>iinittit!t*s. I ? r this |inrpf!K* what is 

as flu* nf i? ujifd. Thin 

a ahstrutt iiuifiii*r <htainici by dividing I lie 

cii*vi.ition by flu* tn;tf*nit!td* nl tint In 

particular cas* f and iiinllij>H f iJig I In* rcnult by 

In a iniM'mrc of variabsiity IH tirrtvcd *it ii 

I th* partit niir of of mcasufonumt 
t*ittpioyt*d In obtaining if* iml %mrinliiliti<*i 
exprrAM'd in of diffttrnit can 

lir 

half tin* of 

Ii*H fti* 1 nf flu* 

tw to tin* tit in 

us tin* Tint of 

t* by ii 

* ir by f l tif nl 

ttttt {or by tint of tfiu 

tin* M| no 

by tte til iiie 

of ttitt aitft by tl of 

ttt tli lt i unity). 

I%r to III*? iif th* 
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Jfrfr !<t |H* i| ! 

Of IfiSI^ f 

,1% ft 1*1 til I*** , 

^$1 iltH 4 

*tfr l<l 

II Wf do Itif* 

flf \\i* 

4f tt fMt lll|| Mft 4 S 11 * 

S If i* l 

fill* lit t|r III j> s t|% 

f tl| ? UiV^-t ii^ 

I lit- of A 

li In if i% nil 

^i liy r |, 

III ilir |i 

t In* at 4!lii MI f lir III 

ttw* it j\|, 
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of flu* proK-ihlt* iirctr. In the 

its inv*rsw*ly as the root of 

flit* of variali** in In nay, that in such n 

as wi* liiiVft just cither ilirtl the probable error varies 

mwnit'ly i flu* root of tint tmmlwr of balls 

We can rt-alt/r 
w flit* 

cif a curw with flit* of ils (the 

of ; tin* 01 our 

in fact with flit* quart ile, Is tho 

tln iiiilt* of 4 ct'tlain )H*r{K*ndscuiar. 
Wtt %i f ri! flu! if ii=* an i*v<*n r!i*iiin* whether a 

cli'ft *r uttft.it if n ilitlrf% tlw* prctjrr % f iilnt* by 

in Irxt flir nf tin* probuhta error! 

nn we d-not** by th lei tar i* 

Tin* any particular i!i*frrmiii;tfimi c!iffi*w 

tin* Irm* v.ilitv by mout than twiiu* tin* probable 
b 4:5 to I 

t it liy v f t : i 

** it i* 4** o 43 I ft 

t t M w S' if ti P^ t it 

i* to 

we urt! of 

Wt* tin to am 

to flit* lor tlia 

nf flit ii to a 

of of 

of ii ami it iiitci to litiil out 

flu* of a wre to cititt on 

the flic* of of 

bt, If tt and 
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to Ilia 

to tht'st* itflris ami Mtim hrlfiiigiti 

wo m LitiT on tltb is riot flu* only 

of at the nf Ivwclity, nor is 

It the tft mo'*t to biologist*. But 

82 ^* nr r> ^o 7? 74 ?6 
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In lli* %^fu Lilian f,*M' ' ft;v n ?4i j*. tec 4 
1y itii't^iiuf v fll'^K^iHfi t};*j'' ,<if !,!*?} ifni flu* 
f*l;ifttiv<* of 4,-V 1 ! ttfl^t* 'tint fb> < >! *? H i,f 
IM ll nf fluw, Hiif, I| tftfi*r|+, i ,*< || *> ifii | r 

tllr Mijtjmvifl |< li,'.\' )MI| I | *.'^ < H!I<*^ J^nt 1 *!'* 

iii f}p T Iir4 t f*lsinni, "tin 1 - MI t' < *f h* ji'hf'f M< ^^rit 
fiilirv|w4ldiiii4 li a jMJfKMl.ir < J*- < f-'fli* 1 !- f 
i% 4ii iifiiiv, l!ii$s 4* li 1 <ii fl^ f.iH!* f}*i < v HI* 

;in rfir^v ^^ ' ^n* ^n4 ' ulr * *> Si h^- i* j*n*' * *ii'. 411 
4ir;iv of tJiiM III* in^4< i4 * ,v Si ,;U'v 4 %, ir, $; 

in f!'- lutf ^'n lnii 4 l* f *t|^ 
K^%% if ! *tr* ^%'i* n iSi* 4%''t4|^' *\,. ilv f)t/- ' 

;>* f!i*n f.>h*i. llj f v^l't^ *4 f ,5^ It ait.$v 

flf \i*fV'i Wff^tl | if il 4 * ''iHK ** tlv h* !|*iif *t| t}r iiff^. 
|rf4ltll|! f b -t fif f i!jii'i% H. uii flii* ot}*ff l^tfiii, 
Hit rflftf'KitKltt tlf^Wrfii fi|r |)t*^*Ut% *|l %nfi^ 
lf l.tfliri** ffii" nf rvrry .itf4V *f 

|* fiii j safllc*, |ji* 

111* 1 iff ll|' flf III! flu- 

At Tiir t-% f*i fi^ 

ivr s^ 

III tir hkr lit ni 

tillf liflli if flir 

i rr;il i*m* III** i$f1 ni *i 

tir iltr iif 

lit til* 

in 4 $% in 

f!4ft In* lily 

III tin* KM- 

of flit* $if (hi* nf ,1ft ttfi tin 

tint In UK* Idf t*l ijir iJn* 



cif the* ilassis of off 

on the* stair. It will lir MTU that this Kcrirs 

of clot* li> luMfly In a ^tiaight Ism* is itrliiittd 

lit ii certain In tft ( h'iti/.nntai. 

Now if wi*rr jwrfrrt correlation Iwtwirn the 

iif fathtl.** sons no tnult'liry fxisfrcl 

fur to l>i tlii* if flip papula- 

f.t!h*ts itt% flif* of liii 

in flu* utwv*' |H cm of 45 

cl^gff^^, in* in flw* r^^** f flu* CD wiiirlt 

fit* |iniiifi* *if mliiili flu* vahn H as rntl off 
In flit* vrrfira! iifiii/tiil4t HM|*S an* iffiifiral, If, 
cm tiir otlirr wri't* tin ffitr4tftifi flu* lint* 

!^* a* KK. 

TItc v*lu tt tf*|i! r f*srnt t!i* of 'rn*i{i- 

tion Is Ihf* ft! of thi* lint* All This is 

a* Ian # a the* 

fir in tin* horizontal. 

i$ thw 

o 45 t;m I, 

III tin* tnti i m ii 

ct flit* it! and 

lite iif ;i 

fcir 
unc! in tilt* IM** ill of 

and 
It tti IK* it 

cif of a 

ttlld tilt* Of tilt 

nf tie by 

t! fif our to a 
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titr riv&i.v .m 'H'' *! 15 <!'.,*" ^tft f}n 
IM**' in** ri Isir, f ^* ? 5 *'* '**'. *. mm: i *{JM< i4 

I HI l f *t * %%{-]l'f 13, < v*t- .*' ir *-! - ,*>*< 

I*- 1 t'|*) ' f li1*'l 1*%' % iiri'^ hi\?M* tV* '4 J* 

l?% f f *,n, i Iro* 13*' s't*;il f ^;H ill thi 

^ %^ti iv ti-j^' ^*i^ j 4 !*\ 4 h;%i^: 4 ij ^j*^ 
til li*'^lH 4 I HI J i*f ** V* 

III t!r .!' '* f *!"wji| f1i>* 

f<t f4l^f^ $fi fJ<<- *4'-* n< *^|^?'4 

nf %^ 4if^i4 *tJ/* <4 i 

i?t fUit ln e ^ i 
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Ol fir Ihr ht^t Irnii 

4lii *M* 

# 4 to 

til* *| 1 >* f 

tltt t%*i ll<i- t lit* 

tfttl tf It Of Hf* III f*t 

A <** W III* l 

Ibw f * **t ** r in tli 

i* lit f*f it Hi* *4 ilw 

ni toil in U^ ^*f * th* *ii 

^^ 4'* I* 

few <|MF ^ r tii i*l to 

tiy * 01 



itffff fnL ns rc^Uits far quanti- 

tatively *i h*ivciit;iry relationship between two indi- 
vidual;*, by the fact tin* U'H which they 

art flit 1 rxtatenct* erf a 

wivt* 1 * in profit of 
indeed, to an at 0'28 the* 

of IH JL** 

In fin* uWnrr l ?i ri flu* 

ttii* |iiift*nt** t ttir rifT**Jifiiii child 

in* rtxjHTjfd t tr li 

nf liiottirrH or ^ti*t>. 

Thr to the 

by Gaitmt. When 

of tin* am 

tt of view* It 

fc tri of the 

til tin* tif an of 

the cif tilt* of 

nf this tlti! and tha 

of tin* 

th<? to the 

wit w tile th<* 0f the 

liit it, oi tha 

tin* by tha Wft I 

MJcr in* li* i to the ill fit 

cif 
Jlitt are tci 

thu of tlie to 

awl 

< In & the of tba It 

tlit cif tin* 
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.11'* III* ' >W- 4 ? * th III %^!l >*' 

Ill*' '" ?*' I* s;f f ff ft' 
to thf* twijuo* ,*} t4 On *'! <fit*n 
lit ^fti i 4 j^^fi 

K%lJl/^tt it >' *'>* ^1 r ^ 

in *?*!* i I** l<lM 

I fir r* HP i' nf, 



to llw* i%i * tf < h ft,i? *^f * tt-3;v 3* fri** n 4 < j U 

i*X'U*f f}1|4t4f tf 4it% f * IIP tvtifrtfif fit, !J,r* i\frj|'4* 

iii' ,*<'<Mti5i{*fin fii, if " i/ li i ?/ it -i* f<- 1 '. it 

a IS'f ll.'ll ** ,i!4,%fl^t4, |!1 

fli<* <i:* *M li it lii ,41,41 f**i A% ^t,ititj(i 

Iw tltt, 'Jltrfi* t*i $t*'u!^t.*t/3r c|^^!if 4- f> 

141 I* jti f ttn'<| 4 M* 4! fV ' 

Wi* fc't'l trf jffsicli |f*^% ti 

ill III w<' 

flif of ran Ir In 

til 

tilif fill 

flw* of tiw fr ;iiw 

of th* 4 t4i fif *^ llir fti 

III tjtr |ii|| 

Of Illr 

HI 4 4 in flu* <*n i* 
lly litt* uf 

t> lti<" 

iif *ta* ifiii 

Tll4 of If 14 tu IK II 
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aJv;vr ini'fhnit of rli (in- v;ilu' cif a rorrvlation 

;- t !'fi in* .m^jiinnt* in ,i manner 

pftwl in .fjhji*' wlii*1i had already brn 

fftjfni in ifit* f.'Mst nf , i $niji!*ii* i fin^.ttiua tahlt*. 

flit* whul* 1 iiiiiii1*'! M! filJiti^ \VA^ clivifli*ii infti two 

li'iii!ji; riiiif -iimii;; fh*' nviivittujU aliovi* iiitl bt!n%v a 

ifif tin HttttUM, t1i* SHIM* w,'t'% in ffie ram* 

of tl;f s -^f' Al fli' '"jMi,*tjMii w;ig 

III M \ital ilill-Miil uaV 1 *- 1*V flu* 
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111 til*" 

rif the 1 th* i* 

baMnl, if %f mi * tt"t 11 * <*?<lv ftiv it% ;i 

of tin* i *i 

in thr to it r* 4fj4r4 

t!u- w f fli** 

ill f!i s th"^" wltif 4 ,*]*]* ,*!<"*} 

in V. . 

vr tv**'.'**}. 

l f 4|i|"*lAl, lM#'|' / |f HM^ t 

eye ffi|<itii M ... ^ ul 

iff|f%l* f r*Ml rill^itll ,, , 4;| 

lUvfft ti*iiiifl r MM! **? *** , >. - '? t $ | 

f*if|/linirnl^ <ciltii .. . . * ^ *7 

* f **>)!*! I ,JU?''V 

ryr rt4i|f , , ( " t?| 

|iflf*f* t rM< *i#tjf ,,. ,, f '^l| 

|l4%irt Iiifii4 ftiil ^* l^itf t ^14 

tr4 in ti *tM 

m *,, #(** 

W UH<* tlw* ill 

10 tin* *t nf Ir*% 

rail br tn ill*? 

of any tif 

Wl! il*f* II ill 4l 

to b* lt f fit* 

lit in 

lia^ ty 

fltcf ui f t$f tht* a* l4t liir 

of wot 

ttu in 
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pui* ii ftfnftMt^ p.iim uf Msfrnt, and 
iijt ttf ,i htMflif'i ami a <*iHf<r, ran In* i*xpri'<iM*d 

Ity flit 1 valti* * ^ivi' in fli* (iiimiiig t.ihlr ; 
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at MX rxpuiMin* iff III** cli 
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Ilir of HtitMttMl fl%iflll<1lt 0* W< 

said, tin* a* HM! in fl*'* *M'* i% *t I>t- 

rhararli*!** tu>t f%ijal>1- of tjinnlifr*li\v ti'M-t' 
ancl in tli4f if i^* 'jnaUv 

jiir^rlif rant*. W* f'*<"K h<tiv<vn t 

in ;i % * vintpl lh* iii4 ti> 

i'-i ;ijij4iri At tlr lt"4 Ihr* 4.*i4 i ,tti * 

flf it ii|tjl|*%iiri4f* III** *'V|rl'lJ 

hfm*'Vfr, undtulii*Hv f*> rvfaMi^li fU 

rlwi4tfr|H at* 4 in 
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at li il 
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ill 4nl fit Af 
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LAW OF HEREDITY 113 

of a particular individual contributes 

its quota to the heritable qualities displayed by that 

individual. The law that the average 

of an individual arid any 

is of definite numerical 

Thus the mean amount of correlation 

between (i) the two parent* and tin 1 offspring, (2) the 

grAndparetitH and the offspring, (j) thu eight 

great-grandparents tlu offspring, and so on, is 

believed to diminish in ;i geometrical series, which is 

thi for all organisms and for all churacteis The 

actual amounts of thesis correlations weie expressed by 

(iHlton lit the form of the 0*50, 0*25, 0*125, **** 

regards them us more nearly represemted 

by the* moo? rapidly diminishing series 0*0^44, O'i>88 t 

0'uC>ji>> etc* 

Now, there ran h no doubt that the law m stated 
has l>een clinproved in specific iiiHtiinces, mid 
disproved by tin,* of (iregor Meudel 

it Mendel's wa* 

not until later, to 

of contribute 

to the 

of ttie of 

ttitt law of to 

and waft in 

out the of in 

has not to apply to 

of the 

of heredity 
8 
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arr th***i*MiMjtion I],.** f!,* !,i*v <( ttwMtr.il 

it* Mix fly tin*. **<* 4 \\- ft tyi* 

Mifftr tiiin* in i ,!"'!' ti'ii: |J* f^f, nf si^iiiiil 
riwl f'f ruti* 1 if j|*<i titfH^fi t*l.*tlV'S 
4 1* fart; 4t JtJt!< HfJ' }*< N*1' V<< f t *|iy 
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vi'fii !iv t!i f ii 'infills , pi tit* ln*!4 if fnt 
lgi% it i tilt f M 'V I/ u n: ^i ? * 1 i 4< < j $ ti> 

tl* 1 itl4 1!f#tfl fflMIL l^it |f *'*' tM |'llf*' lik*!v t^ftf tli" V 

will li^lfl fiitifj 4* j|tj*i"^!?i, fl^isn hl*l''*l. t)fu;;ii 

ll*lf aji{*hlit)i* t-fl i1Iili\l4t!.4 y/, ,, lL rij , A Jv' -l| 4 

tpfriliff llir'4 -M Hi |M |jft|4 |^,i,fl | i f (i fj f i{ (t j K| >J rA 

l i4*'ii*i,4 f* nil 4 M* Ilu4l t!)' i*' v ^Ji14 I*** ni <*i^|f i 
fti if mi Mill* I f1^t| Ilk ,4 if |*t.t<ti',ft} fiS^illpfi if 
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statement which fallows, anrr.stors are supposed to 
have been selected showing in each generation a devia- 
tion /i from the general moan of fh<* pnpul.it ion. Thus, 
suppose* fhc character hrhrtecl to be stature: suppose 
the mean height of tin* population to be 6 feet, and 
the Ht'inJed individuals to be 6 fort f> inches high ; A is 
then ft inches, and only individuals of a height of 
6 fet*l 6 inc.hos would bt 1 selected a*> parent** in each 
genes at ion, so that after throe gftienition^ of selection 
we should be dealing with rliiklren whost* parents, 
grandpaients and groat gnindparrnts were all of thin 
particular height. 

IVarscm calculate* (hat after one* gonf.ration of 

wlertHm the itnmediatt' ofispting will show 0*62 of 

tin* ehaiartrr si*li*cticl (t>*62 A). After two generation* 

they will show trfte A, after tlirrf 1 irBi) A, and after a 

num)ui iif genet ni ions 0*92 A. limn in a coin- 

small nututn*! of generations tint <leveloptnont 

of a charactir may bt to within 90 per cent, 

of seleitted, but, after thin, further has 

effect. If is one 

tlir selected in then it 

was tin* of inbffcl 

<i'S!l A, tint A, tho 0*52 A t 

and the A. If on the cither in- 

WIIH the had continued 

for a of the firnt 

of will 0*86 A t the A f 

the* third 1177 A f and the A* So in- 

of a Is by a very 

' 
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inheritance. Barley and kidney beans were among 
tin* plants examined, and thf % simplest character con- 
4dt ivd was the si/,ti of tin* sunk of the. latter as 
measured bv weighing. In this particular series of 
experiments each plant was regarded as being 
eh;Mract'ii/ed bv tin? average weight of the seeds 
which it produced. 

All HP* clehO'iul.intHari 4ttg frntn a plant by self- 

ft^itilixiitlriii arc ^poki*ii of l>y Jfhuiusi!n as making tip 
a * pun* lint 1 , 1 And tin* iinnilnTH of such a line showed, 
in nsjxr.t i)f tlw weight of ilifir M'eds, normal varia- 
bility about a mean or type valuer The general 
pipiil;ifioii of Iwiin plants, made up of a great mimlxT 
cif i4tirji put* 1 tiipH* a No f xhibiti*<l a normal curve, when 
ttte wightH of tin* seech were plotted. The, pure 
lines computing such a population showed various 
tyjws t tiome cif them do 41* to the modal value of the 
population, 1ml oiht.i differing wlddy from it* If 
a Mimewlutt widely cUivuttng of a par- 

for propagatimi, its off- 
to tin* type of this par- 
awl not to tht! of tha 

population. 
Hit? is to the 

til a of of winch was 

tilt of im an at tlw of the 

In a lino of a 

cil hai a variability of 

iff and the of by 

tnta to tin* of own 
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produce a in the average character of a popula- 

tion taken as a whole. Selection a line 

produces no effect of this kind. The average character 
of the offspring of typical of the line Is the 

as that of the offspring of members which show 
the widest deviations from the type* 

Selection in n consists in the partial 

separation of those* lines the typi s s of which differ in 
the required direction from the average* character of 
tlu* population. This e*ffect must of nwssity come to 
an end when the most eccentric lint,* is completely 
iftokite'd. Tin* gre*at com plications introduced when 
ilm line* are intrrmingb*<l through mixetd breeding may 

this pre>cesw of isolation a wry tedious one*. 

It will I*- M!'ii that tlic* values calculated by IVaraon 

to rt'prt'si'ni tht^ result of sf*lrxtte>n in a population 

quitet we'll with Johiumscn's explanation of the 

constitution of such a population out of a number 

of lints. The* result of Professor Johannsftn's 

experiment* will thcwfore bi 1 awaitid with 

interest by :wid bifmuitriciaiis alike* 

On thi % of it in to be* noticed that 

the of a particular has 

110 his ; it i only the 

trf tin* Itue^ to which he which 

tin* so theciry in in 

We*t*mann'ti theory of a 

on p. 74. 
It to to tr the principle of the 

to quantitative 
of or of or of proportion. 
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MrTATfON h tin* tfTfii applied by do Vrios to 

tlw of origination of a nt*w Hperiej*, or of a now 

charnctft'r, when this takos place by tin* dis- 
cont union* method at a step n which 

h nganU an fltt* most imprirtaitt if not the 
iiitfftiiicl liy wliirii iw*w or specific 

\\"< shall set* altluiiigti cte Vries has 

0*0*11* ly clow, much to forward the propagation of 

iili f ;i fltf* bt*ltt*{ that a dihcontiuucnis 
in <h normal mHhod by which new into 

han far a 

We the of 

by the* of a 

0f lillll 

are tho of how 
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Darwinian explanation fn ht* no gr';tt, that h adopted 
the hypothsk of flu* inhmfancv of acquired dur- 
arti*r*, as bring flit' only adrquatf fxplanafion of tint 
phenomena which W;IH in his tim* available. 

Unfortunately, satisfactory wifh'mx* that such a 
form of inh<*iitanu i*vi'r actually takra ptiei* has never 
In^f! ff!lhroittiiu; In Mifi'tnrnt attUMtnt to load to 
univtrs.il convirtum, linli^fcl, at flu? prctstml day the 
consensus of opinion ftpnls is uiu!oul>tedly 

to lip* dfVft liiaf 4rijiiiif ! il diaMcfrr; nn* not inherited 
at all* i*xrt*pt in v far as ttttiiff mil iitiii of the parent 
mav l f% tl to tht production of more vigorous off- 
hfinfifj, And it V^IIIH flisir thai siif.lt an effect as the 
Liffrr :;tniifit 1^1 cm !i:f;iiiiinLifing fur more than a few 



Thus mi* SH* that 111 tin* purely Darwinian view there h 
want intf, mttiltt flit* Lunar fkiuu explanation 
w rii!*fl tint if court ftn flu* prraitut far of direct 
fvidenut. If, at ilii% |H*int, w find that in Mature a 
gO'Orditmted HI*I of dcw^ in 

an jfrift*dl at a Htp f and 

with ttuffu.*it*nt fnt- 

In fcii ttii) Hurviva! 
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of no impH>'**inr,r in disposing of many minor 

objections to tin* rlfM.trini* of tMnsmutation.'* 

The fitf! prison to fitifiifiiiff a nion* or l*ss precise 

view upon flit* stibjf i;l fit tit Finite* variation was Francis 

(ration, although thia author ni'Vttr i % nt*n*d into the 

question nt any tfi*Mt Irnjjth. Gnlton'tt attitude 

liir problem in iK t arly IK* gut herixi 

tin* follnmiiig quotation i&in * Natural In- 

*: * Thi* theory ni natitial 

clibjwti^' with ti ri'Mrictsnn for which if Is difficult to 

fen; rith'*f flit* intrtl r tin* just inn namely, that 

tin* arnrn* of i*vo!utiou .tKvayn prtNtrrcis by that 

nrr Npv*rallv itiiimt*', anl that hi^miit* dfectivtt only 

ari,tifiiiil*iliiii. That I lit? may bit small, 

tln*v imist li* at V4*ry cliffitnM viuwn ; 

if ii to tin- !,tttT that I ohjtrt, and only whun thts 

word ** Mptll * f i? u^i*il in flu* srtw of ** barely 

cli:ii*i^iiii}iti% fs r 4!*'*iiiillt*iii!i{i;tr$ f d with l* 4 trgporis 
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Thr* first position of tin* model, upon the side 

A H t be to represent tin; condition of a 

type or stable form. A comparatively bniall push 

(variation) will lsid to tin* product ion of the subtype 

by flit' position IiC. When in this new 

B ffi cMtisr tin* model tn return to its 

A II it is In it fission to the 

mor*' liptin tin* side 

I)* A (mutation) force tlir tiindii 

to paHH through t hf * pf*%i! ton Ct> until if coitirsionst on 

fttr opjKsit i fit A H Tltk pwitimi rqm!Ht*ntH 

a rw foun, and it i?i now onta* tnori* Kurroundcd 

by poHttionN t*t hulnitdtnati* Htfihility siilityprs* 

Oiit: iiitiir 4ii4lti|v Irfnii* \vr JKINS on to consider the 

rraiif ohsfrvatimH upon (IiM:ontinuou varia- 

or mutatttms. W* may tttiiiipart* flu* cltffmmce 

ln*twt*f!t d(*viitiotis itucl stable? form*, 

ami by dt'ftmt** vuriation 
flu* of the of d 
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(2) that a form of variation is by no means so 

uncommon a as formerly supposed ; 

(3) of kind may occur in 

of in a number of 

The with which 

the* of the is have 

to the 

W find it profitable to consider the views 

expressed in this* bonk a little more closely, though it 

would occupy too miirJi space to give even a brief 

f tin* facts upon which they are based, and 

for wittdt reference must bit made to the original. 

In flu* first places Bate&on calls* attention to the 
phenomenon of its bring a characteristic 

fe.it tin* coniifiou to almost all organisms. Thin sym* 
iridry may manifest itself in a number of different 
In symmetry the. parts 

symmetrically disposed are related to one another in 
this of an arc an abject and its 

in a symmetry, as, 

every of is usually 

a of In flic* 

tin* ar^ rt'iH'Htttt! in at with the two eyes 

in tlii! ; or in a radial lik> the 

of a tint of a buttercup. To this 

of th of 

in si it to a or 

the i applied. 

flu* 

of thi of an or an a whole, or, on 

(he or a 
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composite plant&~-&., the daisy arid chrysanthemum. 

It is that nierisfic variations are connected 

with in the mechanical relations of 

parts, and that it is in the mechanics of cell- 

that the explanation of their discontinuous 

is to be sought for. 

Thus when, for example! a fillip-flower appears 

its parts perfectly developed in of four 

of in cif thrt'1% it in suggested that the 

arrangement in fours, like the arrangement In throes, 

fulfils certain conditions of equilibrium among the 

which affect flit* cell-divisions in the rudiment 

of tint fhmcr, and that these conditions of stability 

would imt lw equally well provided fcir by any inter- 

iitrclktf it nrrangeiuent . 

Sulfttantivi* vari.ttions art* changes in the actual 

it ill I on or substance of the parts themselves, 

For tixnmplf, a plan! with coloured flowers may give 

to the of are white* There 

to be no iftcetttiitical necessity for varia- 

to IK* continuous ; It 

to a dilution of colour 

14 Of 
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fur 
in the of UH compared with their 

ant of a nature. 
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by a few marked variations, each of which occurred 
simultaneously in all flu* feathers at once, several 
serious difficult irtt an* avoided, and on flu* analogy of 
siutilai known cases we have every reason to believe 
fli;if this %a> so* And similar changes may fake place 
in cases wheie the pattern depends on tlu' coloration 
of a of fraflit'i'H itr hairs. Imhwd, if we con- 

Md*r f \vr jihetll liiiil if vt*ry tliffintlf to picture such a 
prorrss as filtri in any otlntr way* We can 

scarcu^v HiijijiciN! tin* Njwrts of the Impartf, for 
tti luivr .nihrii oiiit at a t tint*. 

An important kind of discontinuous variation is 
that fn uhidh Hatfson kin appli*d th frrm 
Tin* Mitt* 1 sort of i:Ii4tigi* IUM! previously IH^II 
liy iti flu* rase uf plant H under the 

* im*tam'phy* but tin: latter expression has also 
biea eiwployecl lit othi?r Homc^osis 

iti the ;t'smtt|>tton by one tnembt k r of a meriatic 
of I In? tir pn>|H-r to another 

of tin* ; far the of 

tin* iif it a or of the eye of a 
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variations of a definite or discontinuous typethe 

fact that ditfercncKS of I lie, kind which are constantly 
used to distinguish natural s{>ct;ic.H can and do arise 
in Nature at a *''p, ^ f > that il is not necessary 

for aurh differences to In* built up gradually by the 
net ion of natural selection. 

DC? Vrie f in his * Mutations Theorie/ further 

attacks the position held by those who 

accept f ii f doctrine that natural select iott of individual 

differences cut ever lead totlefinitttatui permanent, or 

distinctions, Ituh*ed t of the chief contri- 

butifnts of iltiw author to flu* controversy is to 

out tiut tint tit 1 ! it 1 ! that artificial selection acts 

in way upon domestic plants in based upon a mis- 

apprehension, I>e Vrica Ititii^ 1 !! has cstrried out a 

af (*xpetiments in selection, and he to 

the! that of orditmry individual 

has no at all.* Thu actual 

of of is by tlu* 

ot th In th 

in it to 

tin* of 

for tint ul This 

at fir*t by a but the 

at fiitt of 

fell 0f f at the day nil that cm 

it In up Hit! of 

of 

* 
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was a very gradual one is to be accounted for in part, 
at least, from the fact that the methods of selection 
themselves gradually improved from year to year, 
There is no reason to doubt that a thoroughly efficient 
method of selection would have worked its full effect 
in a few generations, A similar state of things is said 
to be the case with the cereals, such as wheat and 
barley, which have been selected largely for the size 
of the grains. From his own experiments* de Vries 
has come to the conclusion that, when is 

really efficient, the full possible of this 

is exhausted in quite a small number of 
and that then the only further of is to 

keep up the standard already arrived at. 

We have seen that the theoretical of the 

biometricians are in agreement with the 
expressed, so long as selection is understood to be con- 
fined to the choosing out of which a 
definite standard value of the con- 
sideration, this value being the in 
tion. Under these circumstances, 
concludes that in the first two or 
a marked advance in the will 
place, but that further (in this will 
have comparatively little the 
in continuous evolution in 
selection will be foEowed to an by 
further variations In the of 
otherwise selection could to 
changes in organisation. In the of the 
contrary evidence, and of the fact that 
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methods of evolution are now known to be available, 
the burden of proof of this proposition seems to 
lie with those who maintain the all-important influ- 
ence of continuous variat ion and selection. At present 
we are free to reply in th words of Malthus, who long 
ago protested against the extravagant powers which 
were ascribe! to the selection of small differences, 

*! have been told/ Malfhus writes, 'that it is a 
maxim among some of the improvers of cattle that 
you may breed to any degree of nicety you please, 
and they found this maxim upon another, which is, 
that sointt of the offspring will possess the desirable 
qualities of the parents in a greater degree. In the 
famous Leicestershire breed of sheep, the object is to 
procure I Item with small heads and small lugs. Pro- 
ceeding upon these breeding maxims, it is evident that 
we might go on until the. heads and were evan- 
escent quantities ; but this is m palpable an absurdity 
that we may IMS quite nure the prttrnisus are not just, 
and that fltertt really is a limit, though we cannot see 
it or my it is/ * 

The* only recorded example; ! am aware of in the 
of which the of long-con* 

timiftd upon a quantitative 

is afforded by tin* of the American trott ing-horse. 
In this it highly probable that we are 

with a in a strictly 

continuous fashion. lit his book upon *The Trotting 
and in America/ Hamilton 

a table from which the OB p* 138 

* * on Population/ Oth cd M vol. ii p. it, 
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is constructed. The entries in this table show the 
fastest times recorded for the feat of trotting a measured 
mile in various years beginning with 1818. The ver- 
tical scale contains the times, which vary from 
minutes clown to one minute fifty-six seconds, the 
horizontal scale shows the year in which the record was 
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gradually slower and slower. At the end of the series 
two sudden steps upward break the general regularity 
of the of records. But on examination of the 

evidence It is found, that these are associated with 
special conditions, and are not really exceptional. The 

first of these breaks that which occurs in i8c>2 is 

coincident with the introduction of a new type of sulky f 
having ball bearings and other improvements ; whilst 
the record of zjoj accomplished behind a pace- 
carrying a windshield. Ne.ithrr of these records, 
therefore, is strictly comparable; with the rest of the 
scries. 

Th* observations in this cast* do not, indeed, seem 
to !H* hiiflkirnt to afford tin* basin for a final decision 
against flu* theory of f h indeterminate power of selec- 
tion. Yet Malthus* criticism clearly applies very 
definitely to such a case ./.<., there must be a limit 
beyond which fltn tifwcl of the trotting-horso will 
never improve? without a fumUimmtai change faking 
in his ortfam/ttfion. It twins, therefore, safe to 
that tht* curve In which tin* series of rccrods 
Is of flit* of 4 parabola -*.<?., one 

which continually more nearly 

a& tliu of fltt? gradually ap- 

proaches il limit. 

I)e Vrtt% Hum, (hat at! new domestic breeds 

by tht* mt'thwl as definite 

Darwin perfectly that 

in t lit* but tlii which he 

flu* fact a one, us the following 

: 
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*He (man) his by 

monstrous form, or at by pro- 

minent to the ryr or to be 

to him.* But he on : * flic 

of or turn 

the nicely-balanced in tin? for life, 

so be preserved. 1 * 
Of the origin of a of plant 111 thin 

fashion, the Shirley popptt** ,itfoul an 

example, Tht!*e oti^inattui m n imitation 

of the common wild P f ppy (Ai/wivr In 

the Rev. \V. Wilks, Vir,;ir nf Shu Jty, r.royfUm, 

noticed among a patch of inij itt a 

of lib a flouer, fin* prtals nl 

which Hho\ved a virry narrcm* IwniiT of uhifi-. Tint 

which thin flower proclmrrd \%rri* nrmjt y 
year, out of about two hutulrrd pl.iiif s m*n 

or five upon which all tin? tht* 

modification. tln^% by 

the of 

We may out in if fin* 

ji of 

the typtt in in 

the 

IE the of bis clt* Vriea lias 

quite a of of by 

like the If Itt to in? flit* 

novelty In a 

of of iff ami iti 

IS III till* of illl 

* c of ' 6tb L p. 60. 
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negative variation* from the proper type of the new 
variety. In this way the novelty may not appear to be 
very far removed, from a normal variation of the 

original type. The* behaviour of the progeny of the two 
types, however types which might in themselves 
be readily confused is entirely different, a ready 

of distinguishing the'in is thereby provided, 
Each set of offspring shows regression toils own proper 
modal value; so that I hi* offspring of the novelty show 
a fur! fit 1 ! 8 m.trkfd development of flu* mm features, 
whilst tin* offspring o{ an extreme norm.tl variation 
resrmble the tyjH* of tin* original form more closely 
than they do their own iuuitrdiate progenitor, 

If new tyjws are not produced among domesticated 
productions hv the action of .uttficUl selection, and all 
that selection run effect is to pick out definite novelties 
when they oiteur, flit* analogy between natural selec- 
tion and artificial self rl ion break* down, and a large 
important str.tiou of tlm inideiiet! in favour of the 
production of natural by the action of natural 

^'faction IH destroyinl. In the pltcu of thk explana- 
tion dit Vries would put tlw theory of mutation^ ac- 
cording to tt'htdi H(*f*i:u*H by as 

defiiiitf novc?It i*i ( just in flit* .is w find that 

dom**tu* vaiiHie^* an? piminced. than thi dc 

Vri'S believer* that hit cii:nvtritd a set of new 

in tilt! very art of from an old 

in thin way, a which affords the basis 
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|; and groundwork of the views which he puts for- 
ward. 

The plant which the for this^dis- 

covery is known as (Bnotkera LantarckianailMl is to 
say, this is the name of the old from which the 

new species were found to be arising. 0. 
is an American plant, but the which cle 

found to be in a state of mutation had nuulo 
escape from a garden, and wild over^i 

disused potato-field near a town Hilvmum, in 

Holland. On examining plants, d Vric* 

two distinct new forms, which quite tint 

remainder* Each kind in an 

as if it had arisen from the of a 

No description of either of wa to be 

found in botanical literature, nor 
of them in any of the Hut d 

Vries took from of the and 

them in his garden, he that the new 

true to type -the th 

parents from which the find not flic 

momaJ fonnt of 0. 

Here, then, we a cast to two new 

had originated aa old one in a of 
But da Vriet aid 

.' for observing the of new in the 

" tuJtivated of the 

For this he a of 

, from the field tad ai*o 

from a of and he 

of for a el 
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The net of his was 

this : out of about which 

to a recognisable more* 800 showed muta- 

tionthat is to say, they differed spitrlfically from 
the parent Q. The 800 Individuals 

fo altmii ftfimt new of which 

repeatedly, more frequent 

others* The of mutation 

In about 1 1 per cent* of the. which 

and to this 

it conttiderably too low. For example, many 

of the new very wmkly, and often died 

it was to them* Others* 

cit lt* until an 

of had reached, only a 

of the be grown after 

bad any owing to con* 

of 
We do fair into his 

of ti! and of the 

to m few only 
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the battle of life than 0. Lamarckiana, and only reached 
the flowering stage by the help of careful cultivation, 
and others, again, were never got to flower at all. 
Some of the latter, however, were readily distinguish- 
able by the strikingly original types of radical 
which they exhibited. 

When they had once made their appearance, the 
majority of the new types came true to 
times new mutations appeared among their offspring, 
but these always appeared in smaller numbers 
among the offspring of the parent 0. 
some of the commoner mutations were usually 
so that it appeared as if the process of mutation 
accompanied by a tendency towards a stability. 

Some of the most marked new forms quite 

so far as the observations were carried* 

Speaking generally, the nature of the 
which distinguished the new forms from the 
species was just of the type as that of 
distinguish Jordan's in 

The differences were not, as a rule, of the 
when new garden varieties as An, 

of this latter kind occurred, however* in the of the 
new form 0. nanella, which a or 

stunted form, but in other 
the parent type. Apart from this, the 
appeared to be given off quite at 
showing any definite tendency In a * 

particular direction* One of the wai 

.< almost sterile as far as its ovules 
though producing good pollen, whilst in tit 
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formation of the pdkn very defective. None of 
the others was lacking in cit her of these respects. Each 
new form was distinguished by certain definite features 
which affected almost all its parts, not by one new 
character only ; and thi'se features were never separable* 
but always appeared in on the plant. 

The spi'dis, of course, normal fluctuat- 

ing variability, and, as an of this varia- 

bility, forms occasionally midway 

one of the new the parental type. In 

when the srlf-ferliltaed of the plant 
an intermediate character sown, the offspring 
found to themselves round the normal 

form of the! new spt'drn or round that of the parent 
thus affording evidence as to the true 
naturi* of thrir parent. 

WtiHlft'i w ttol mr a tv pnp;m*d to accept the whole 
of de VritV cfmcltiMmts from \m <*x|tttrtm<'ntH, ws on 
Stif* at that from on fieiinf of vicw fhi k y are of the 

very gn*att*Ht importancti, For before tie Vrirs pub- 
lished thin if Intel l)i*i*ii Mippf wcc! to hit quitcs itn- 
to iliriTJ ol}Ht*rv4tion upon the manner 
of of Hptr.ir^ in Nat tins Dtt Vrit* iian now 
ol>'M*rv'dtmiife can IH* marli;, and this 
is in a ntoM valuable of information. Ho 
has inf rcicinerd .ui intin*)y mit hcxi into the domain 
of rt'st'arch, and om? by tin* nit 1 of which it is 
to Iw Iicipt^i! bi*f0n* st clt*(tititn will be 
obtained to tin* question whtrtlwr in 
by or with an mtjM'fceptible 

0! 

10 
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When results of the novelty and importance of those 
which have been published by de Vries are brought 
to our notice, we are naturally disposed to reserve our 
acceptance of the conclusions which they to indi- 

cate until observations have been made in confirma- 
tion of them by some competent observer. This has 
now been done by Professor MacDougal at the New 
York Botanic Garden. MacDougal has out 

observations similar to those above describee! 
the offspring of seeds sent by de Vries from Holland, 
and with closely similar results. Thus he has 
all the new forms which de Vries described, as as 
some additional ones ; and he has an 

higher percentage of c mutants * than de Vries him- 
selfnamely, about 3 per cent* of the total 
of seedlings grown. This last is probably 

due to the application of more thorough of 

investigation, and to a smaller mortality of the 
plants, arrived at by and 

sible by the warmer summer by 

efficiency in method. De Vries in one of his 

later generations, to 

the methods of cultivation, 3 per 

of new forms* MacDougal he has 

observed undoubted of 

in other species 

It appears, then, that can be no doubt 

the genuineness of the by de 

Vries. But it is, of course, a t0 

assert that all natural in this 

'this is what de Vries* theory f as 
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Ms facts, amounts to. De Vries made observations 
upon a large proportion of the plants of his district 
by the method of growing great numbers of their 
seedlings, but he failed to find the same phenomenon 
going on in any of them. He therefore supposes that 
species are subject to comparatively short periods of 
mutability which recur at relatively long intervals, 
and that all the he examined except the 

were in this intermediate period of 

tfieir existence* Direct proof of this suggestion is 
naturally out of the question. 

It will be well to summarize briefly the conclusions 
at which dc Vries has arrived, as the result of his 
observations upon (Knothera. 

The following are the points to which he attaches 
chief importance ; 

x* The new suddenly at a single step, 

without transitional forms, 

2* They are fully from the first 

of their 

3. The of the 

in with from one 

old to 

as 0* 0* Only one 

of the O. a type 

is with of variety of 

origin* 

4, A of of the 

at the period. 

' 5, Although the In a normal fashion, 

the dividing them 

102 
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from the parental type, yet their first appearance has 
nothing to do with normal or continuous variability. 

6. The mutations take place indefinitely, showing 
no special tendency in any particular direction. 

7. The tendency to imitate recurs periodically. But, 
as was previously stated, there is no direct evidence 
of this last supposition. 

In addition to what has already with 

reference to the method of origin of garden varieties in 
general, de Vries has described a number of 
phenomena regarding the behaviour of garden 
of plants, some of which are of considerable interest. 
Taken together, the facts substantiate to a 
the view that selection does not of itself to the 
production of specific characters. But dc Vries 
introduces certain new conceptions which require to 
be briefly described on account of their 
interest to practical and They 

consist in the idea of be- 

tween a species and a complete or of 

it. Such between^aces are of two of it is 

unusual to find both in the of the ; * 

moreover, either of may the 

complete variety is quite unknown* In the of a 
half-race a small only of it 

to produce plants which the the 

remainder being of the ; 

if the racial type is for 

percentage of plants of this is 

does not notably increase* A on the 

hand, can readily be improved by 
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best developed as a nilo either shows the racial char- 
acter In about half of the seedlings produced, or else 
exhibits in the great majority of its members a com- 
bination of the character of the species with that of 
the race. As an example, we, may take the case of 
variegated plants, in which the leaves show streaks 
or patches of a yellow colour owing to the want of 
development of the proper green tint. An ordinary 
variegated plant, thrn, is looked upon as showing a 
combination of the green type with the yellow char- 
acter of a completely modified race t lie variety, 
although tin? latter exists as such only in a few rare 
in which the plants bear showing no 
pigment, at all. On the other hand, many 
of plants produce a proportion of varie- 
gated individuals at sowing, as is often the case, 
for example, with Indian corn ; and this circumstance, 
according to de Vries, indicates the existence of the 

half-race. 

The of the two coexisting 

in is highly variable, as anyone 

for in variegated and 

It be it would be possible to 

the to the half-nice, thence to the 

mid-race, so on to the simply by 

De Vries is very rarely, if 

the He the from a half- 

to a for as a mutation f his 

to is not 
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"As a further illustration of what is mrant by a 

between-race, mention may be made of the five-leaved 
race of purple clover (Trifolmm by 

de Vries, and developed by a of selection* It 

would appear that the plants 

ing wild, which bear a single 

belong only to a half-race* De Vries 

enough to find two plants upon of 

of the leaves showed this anomaly, by 

an elaborate process of selection extending over 

years, a race was obtained, the leaves of which In the 

majority of cases showed five 

sir or seven. Since f however, it 

t,' to get rid of a certain proportion of 

' and equally so, OB the other hand, to 
with more than de 

his experiment the of a 

race, and not that of a or 

' The phenomena described by de ttit 

of ' f are to 

until the has at of 

the very in 

external conditions in the tftd 

habit of We one 

striking 

The little 

of in the a of 

blossom, two of th 

of which flit rif 
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hand, is apparent in the great majority of the indi- 
viduals of a race. If, now, a change from latency to 
activity occurs suddenly, this is a form of mutation, 
The reverse case, too, may occur a character pre- 
viously active may become latent ; the character then 
appears to be lost, and the mutation is said to be 
retrogressive. De Vries regards the variety of 

allied species which is to be found in many as 

being to a large extent the result of retrogressive muta- 
tion. This type of mutation is frequent 
cultivated plants- Thus, the appearance of a white 
variety of a species previously only known to 
coloured flowers may constitute a of a 

retrogressive change* Mutations may be 
consisting in what is known as a " throw-back n to a 
previous ancestor. In the form of 

phenomenon an ancestral which 

viously become latent in the 

active condition. Finally, 
arise by the intercrossing of 
is not by de Vries as an 

source of permanent new 

Without following de all the of 

his theory as to the of 

mutations, we must his go 

far to establish the doctrine, in of which a 

considerable amount of 

.accumulated, by that the of 

species in Nature Is a and 

takes place by of What, 

. then, is the of individual of 
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continuous variability which is often so considerable, 
and of the inheritance of this kind of differences which 
the biomctricians have been at so much pains to prove ? 
De Vrics points out that for no two plants are the con- 
ditions of life exactly the ; a considerable degree 
of diversity among the plants themselves is therefore 
advantageous, even when these belong to the same 
specific type. Upon continuous variability depend 
local races, forms adapted to wetter and drier situa- 
tions, highland and lowland races, and the like, but 
none of these are permanent. As regards the cause 
of this variability, apart from the effect of sexual 
reproduction, which combines the tendency to vary 
of two parents, de Vrics believes that indi- 
vidual variability depends* entirely upon nutrition ; 
but under this head h includes practically the whole 
gnvironmcmt of plants light, space, soil, moisture, 
and the like. Characters acquired in a similar way by 
are inherited! and the effect of 
the whilst still borne 
the be Thus 
de of the question 
of the or of acquired 

are ; they 

are not of in the of 

With to the of little is 

known, Still, it is no upon us, as it 

was a few to we no-thing at 

all the by which of variation 

can be W. L. Tower, In his * Evolution in 

has due 
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to the influence of the environment upon the larval 

stages of the beetle are not inherited ; but if the female 
is subjected to abnormal conditions for ;i fV.nv clays at 
the time when the are maturing, the and 

.larvae being afterwards allowed to develop in the 
normal environment, a greatly increased number of 
mutations is obtained, the majority of which arc the 
same as those found much more rarely in Nature. 

MacDougal, too, has met with some in the 

attempt to produce mutations artificially in 
In one or two cases, after injecting weak solutions of 
different chemical Into the young 

of Raimannia and (Enothera, were obtained 

which differed from anything previously seen. Up to 
the present time these to be too few in 

number to allow of any definite conclusions 
upon them. 

Blaringhem has also recently published 
which seem to show that in the maize-plant to 

the parent occurring previously to the 
of the germ cells may to 

In the offspring. In of of 

experiments did the In the off- 

spring show any of an to the 

exciting which the 

So much may be in to the 

direction in which is In the 

' course of another we to 

find out something the and 

production of mutations* 
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According to the view upheld l>y Wallar 1% Weismann, 
and others, the actual origin of specific distinctions 
place by natural election upon individual 

differences ; and in this it is to ha observed that 
it is the st niggle between individuals of the species 
which is of primary importance. On the mutation 
theory it is only the competition bet wot 11 allied 
which intcn&ts us from the point of view of evolution* 
Natural selection is thus regauloci as having no influ- 
ence in the forma lion of species tlwmsulves. On the 
other hand, th gaps existing hittwt&n genera and still 
larger groups, Htich as families and classes, are still sup- 
poseci to be. clue to the destructive action of natural 
selection determining fhtt survival of the fittest species, 
so that this principle is by no means misted from its 
prominent position in tint philosophy of evolution even 
when tlm latter is ttxpouuducl by the mutationist. 

One further point* On the theory of mutation the 
survival of readily com- 

Indeed, a structure which is actually of 
the mature of a handicap to its may fail to 

if it is either combined with a vigorous 
constitution or correlated with other 
which are to up for the dis- 

advantage entailed. Tint of many apparently 

mid harmful structures is very 

difficult to on the of a com- 

by the of the indi- 

it an de Vries 

lays It m&y be pointed 



158 ' THE 'mORy OJP JttJTATION 

^ w * # * t 

out that it is to 4 

, as to the real or of 

i BATSSONT, W, : few ftw of \ f ,irtUinn f 

VRIIS, H. DK : I>i<* 

witl c frigtn liv 

ifAcDouoAt, I>. T. : tiy run 

Institution. 

TOWER, W. L. : An nf tn 

of tilt* 



/*' V * > Av 



mzmT' -- v ?fev 




JOSKI'II Go'ITI.lKH Kot.KM'TKK, !/3;|- iHriO. 

(Ajter itn entirtwitin /*v J, Ci'tKyt'isr.| 

I T* /ii i* /', 1 5*1. 



VI 

THE 

is one side of the of 

to the of the 

*hat of the It , 

with the or 

of and of 

tlit 

0! ha* 0nc0 more*' ' 

hat ltd to & ' 

of the ,of ; 

A' go* the 01 

th* out iii .' 

'of jit ' 



Siting work he? teJIowte|,,acwttt ^lU jto' taken 

fllpil xdurivety ; of . qperimitii' of'. Uah iht to- 
MM*, fa'not./historiial 'aly, $u<; whlA;,$ma*m,w 
' : :lwI sciwjtiftc value,', Awonfit otiir l 'i:fttt;'.ttf 
;.ftjieiptffcit wfli';fee;l04.''tlitt m tfcta w ofewi' 

<^me vety ' . near to ' ' anticipating , Mendel'3 cpoch- 
Riaking 4l*MVttry r and thus arriving at the due which 
' 1 unravel almost all tlw complex problems which 

i^Mt,iljr' Hylx^dlMMS.' ,.,,,' .. .'.,'' : >,; ;'. :, ; ; , .... ; '^ 




160 THE OLDER 

Flowing the modern usage, we &PPty the 

term ' hybrid * to all Individuals arising front a 
between parents which belong to distinct groups, no 
matter whether these groups arc as 

genera or species, or whether they are as 

representing only different races or varieties. This 
wide interpretation of the term hybrid lias only re- 
cently been reintroduced. The use to which if 
returned is, indeed, the original one ; lint many inter- 
mediate writers, including Darwin, confined the em- 
ployment of this expression to casts of crossing between 
species, and applied the word * mongrel f to the off- 
spring of crosses between races or varieties of this 
species. Darwin, however, clicl not regard as 

differing in kind from varieties, and hr even particu- 
larly emphasised the smallness of the distinction which 
can be drawn between the behaviour and properties 
of hybrids and mongrels respectively. Indeed, he 
came to the highly important conclusion that tint laws 
of resemblance 'between parents and their children are 
the same, whatever may be the amottnt of difference 
between the in qmttrfion~~wht!thcr, that is to 

say, they are distinguished only by individual differ- 
ences, or whether they belong to separata or 
even species. We have already that the 
recent facts of biometry point strongly the 
conclusion that individual and are 
Inherited at approximately the saint! rate. It 
however, to be at somewhat doubtful 
all sorts of specific follow the law of 
propagation on cross-breeding, 



1760 and 1766 Joseph Gottleib 

carridd out the first of systematic experiments. 

in plant hybridization which had ever under- 

taken. These not only established with 

certainty for the first time the fact that the of 

plants are produced by a comparable 

with known to occur in but also led to a 

. of the of hybrid plants, 

which was until made his 

a century afterwards, 

- found that the of two , 

took as after the 

.. , which the as that upon 

which the seed was born. Indeed, he' '' ; 

that it lift la or no to the ap 

of the hybrid which of the ' 

. was the and which the > 

is to say, in the case of plants 
the of is 

Thus, for the first it was shown that ' 

the Just as a part in 

the of the as the 

the This, was a 

idea in time, and the fact was .. - 

by his 

hud 110 of that the 

of a with the con- 

of a in But he 

by that than thirty ; 

be to by the of between '* 

fifty, *nd to the of a par- * 
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ticular flower, so that, if he had had any hint of the 

actual microscopic processes of fertilization, he would 
have been quite prepared for the more fundamental 
discovery, 

Kolreuter, indeed, believed that the act of fertiliza- 
tion consisted in the intimate mingling of two 

fluids^ the one contained in the the 

other secreted by the of the plant. The 

fluids, he supposed, next clown the 

the ovary of the plant, and at the 

ovules, initiated in led to 

the formation of In 

followed the animal of his 

looked upon the of in as 

taking place by a similar of two 

fluids. Now that we know 

essentially in the intimate union of the of two 

cells, one of which, in the of is the 

contained within the ovule* the is 

seated by one of a few the 

of the pollen-grain. we can 

clearly the of 

it is greatly to this hit 

succeeded in carrying out his m 

much accuracy, the futt of 

observations was of Ms 

prehension. 

KSlraater was the first to the 

different ways in which pollen can be 
vtyed to the of a lower. Tilts 

by the tht 



stigma, or by the of the wind, or, lastly, the 

pollen may be carried by visiting the flowers. 

And he many features characteristic of 

flowers apt to be fertilized in one or other of 
ways in. particular. Thus he was aware, for example, 
of the nature and use of (he* nectar which so many 
producenamely, that if is the from 

which the bees by far the most visitors of 

flowersobtain their honey. 
Curiously enough, Kdlreuter not of the 

of any natural wild hybrid, plants. But he 
was quite right; in that 

of such hybrids required for their the 

proof, which only be afforded by 

the putative 

The hybrid artificially by Kolreuter was 

obtained in 1760 by applying the pollen of Nicotian 

to the of The 

hybrid of this a inter- 

of the two in 

or with 

a notable This was 

by the of the and of the 

by the hybrids. 
m in all the 

of the hybrid 

at all, nor the of the 

hybrid to the 

of of the On the hand, 

was to the 
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stigmas of the hybrid plants, a certain number of 
capable of germination was obtained, although this 
number was much smaller than in the of normal 

fertilization of either parent This 

sterility, affecting in particular the and the 

pollen which they produce, is a feature;! common to the 
majority of hybrids natural 

Many such hybrids, indeed, are so 

that a further generation cannot in any way be, ob- 
tained from them. On the other hand, the 
of different strains or varieties which have 
cultivation yield, as a rule, whan off- 

spring which are perfectly fertile. 

In subsequent Kdlreuter able to a 

very few self-fertilized hybrids of the 

same origin as the above. The 
described as resembling their hybrid so 

as to be practically from it. 

The offspring by the 

with pollen from In a 

form more or of the 

original hybrid of the 

which the pollen the 

not all alike In this of 

more like the 
again, varying in 

considerable the 

viduals in of fertility, so of the 

plants were more the 

hybrids. Also, was to the 

tion of malformations of the and 
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One of the noted of Kdlrcuter's experiments 

was that which consisted in repeatedly recrossing a 
hybrid plant with one of the parent from which 

the hybrid was derived- By continuing to pollinate 
the members of one after another with the 

pollen of the parent plants were at last 

arrived at which from the parent 

in question. We return to this fact on, 

when the reader will be in a position to its 

importance more fully. 

Kolreuter found that the result of 
is usually identical that is to say, the offspring ob- 
tained by fertilizing a plant A with pollen from a 
B are not to be from ob- 

tained when B is fertilized with the pollen of A* But 
the two of fertilization are not 

equally to out. An instance 

of with in the of the 

with M During 

two to 

the but 

It was by 

or of the are 

by 

he that 

varieties of u in all perfectly 

together, whilst always 

of But in this K8I- 

hit of a the very 

at and he which other 
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botanists regarded as good species, to be 

fertile together, he immediately as 

being only varieties of a 

One curious point is worth quoting in this 
tion. Five varieties of found 

to be perfectly fertile with one another, but 

crossed with one of 

found to be distinctly less the 

Another interesting point by 

was the fact that hybrid. 

parents in luxuriance of growth* Upon m 

we shall see later on f Knight 
based theoretical of 

tance in connection with the of 

Thomas Andrew Knight, was a of 

high reputation in other the 

to lay upon the practical of the of 

hybrids, and he to a 

extent with the of of 

by cross-breeding, of had 

made important by the of 

crossing and the 

types which in 

when Knight of the 

principles to the of and 

larly of fruiMrees* 

Knight also out a of with 

domestic the of in 

1779. These a 

from the historical of It by 

of similar the of 
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that Mendel's law afterwards discovered,, Hit is 

very discovery might have made by Knight 

himself, if he had. only realized the importance 1 , of ascer- 
taining on a largo the numerical proportions in 
which the different of plants, in the 
second generation from I lie crosses, their 
ance. Unfortunately, this particular form of inquiry 
never to havu occurred to him. 

Knight's experiments we,r mack \\ilh a different 
object in view -- namely, that of discovtuing whether 
a with a distinct race would provider the stimulus 
necessary to restore its lost vigour to ;i strain of plants 
which was supposed to haw beeomi? debilitated, owing 
to its meinlwrs having bean bred exclusively by self- 
pollination for a long of generations. 

The lesult of thit cxporiini'iUH undoubtedly estab- 
iishctd tlto fact that in the hybrid offspring 

of two distinct race* more vigiirons habit of 

growth than tut her of the types. The 

will 
the of tfit? which his 

ret! : 
1 By tin* of tint and 

ili of tin* diminu- 

tive, and by fhi* I found that the 

of the in their elfedn cm the 

are The of the 

the of the ilin of 

maturity, tie <h on wu a % f ery 

tht a imla 1 in this 

a of tlit 
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of crossing the breeds, for the, variety, 

height rarely exceeded two feet, was to six 

feet, whilst the height of the and luxuriant kind 

was very little diminished/ 

We shall see, however, that the phenomenon last 
alluded to admits of a different interpretation, 

It was upon the somewhat 

by this experiment that the as 

the Knight-Darwin law was originally 
Knight's own of this idea was to the 

that * Nature intended that a 
take place between neighbouring of the 

species/ And the was still 

more forcibly by Darwin in the : * 

abhors perpetual self-fertilization, 1 But it 

may be true that in a of 

advantages are from the of 

fertilization between different of the 

species, which do not 

takes place, yet are in 

self-fertilization really to be indefinitely 

continued* 

Knight a pea white and 

coats, and with one in th 

and stems and tint 

The the 

unchanged in but the 

these took closely 

On crossing the a 

white strain a of 

again obtained, was 
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Knight failed to notice. He observed, however, that 
white by a purple strain invariably gave purple, 

whilst the cross-bred purples, when crossed again with 
white, yielded some white and purple plants. 

In John recorded the fact that a * blue ' 

pea with a * white * yielded from the crossed 

flowers with white only, the contained 

in other pods upon the plant being, of course, 

blue. The plants produced from the white bore 

with all blue, with all white, and many 

with both white and blue ones; and a 

coloured plate is which one of the latter 

together with its contents, The blue when 

sown plants which produced blue 

only, but from the white 

yielded a mixture* of blue and white 

Knight pointed out quite correctly that the colours 
of the which are to are occasioned 

by the colour of the cotyledons or of the 

pea, are the 

rise in this way to 

a when the cotyledons are 

yellow, the of the is 

as whitish. 

The Hon. and W. was observer 

who in hybridisa- 

tion the of the cantury. 

led him to the that KSlreuter and 

in that hybrids 

Herbert 
that only or were 
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constantly sterile, and this led him to the fort 

conclusion, now believed to be 

separate genera or families which w 

originally created, whilst he that the 

species of the same from a 

type by a genuine of evolution. 

The most prolific in work of aU the hi 

ever, was undoubtedly Carl v. 

(1772 - 1850). Gaertner a 

crosses between to all 

the natural system, and his in 18 

contains a great of valuable in formation* Gac 
ner's theoretical conclusions, for the o 1 

amplify and confirm of Kfilreutar, wh 

in this direction he but little 

C. Naudin's * 

Hybridity in Plants,* its in 18 

The author pointed out the of the reti 

of hybrids to the of wl 

repeatedly crossed with the are < 

plained by the of the of 1 

two specific in the 0v 

of the hybrid. The tit sor 

what clearer as : Let us the o 

A with B. 

supposes that of the and 

the hybrid wiU be of the ex.. 

* Wh&n it is a or 

the A, it is the 

question is of such a oa 

.feom aa ovule or of it we 

' rise to a emotty JL 
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character of one species (A), whilst others will bear 
no potential resemblance to A, but will be precisely 
similar in nature to the ovules and pollen grains of 
the pure species B. In where this separation of 

the materials representing the two types in a potential 
condition is complete, forms exactly resembling the 
parents might be obtained. As we shall see s this 
hypothesis a remarkably approach to that 

of ; and the importance of the fact that the 

hybrid generation is generally uniform, as con- 
with the diversity of often appearing 

in the second generation, is clearly recognised by 
Naudin. This the hybrid in the 

adult to of an of particles, 

homogeneous and characteristic of a 
when separately, but in various pro- 

portions in the of the hybrid, which is thus 

upon as a kind of living mosaic. 
The only of importance,* 

in to of during the nine- 

in the of hybridisation, was 

by in 

upon 

of he a 

of Contrary 

to in the majority of 

of in which the 

or be- . 

the two which it MiUardet 

* .is to if It is The 

Ao not to by 
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found in a considerable number of that the off- 

spring resembled one parent only, from which it was 
indeed indistinguishable, whilst no of 

to the second parent could be detected in it. In 
cases the resemblance was to the paternal 
(pollen-parent), and in others to the maternal 
(seed-parent)* In the hybrid off- 

spring, on being self-fertilized, bred to the 
which they already exhibited, so the 

generation, like the first, to its 

constitution from one parent, to the total 
of the other. 

The precise meaning of this 

is not clearly understood. There is as to 

whether Millardet's were really 

to establish it as a 

dot's observations have never by 

workers. In the of directly 

evidence it to to the 

facts as they 

Great numbers of the 

istics and behaviour of hybrid 
been from to and the 

contain only a of as 

are most for a of 

modern work in hybridization. Until 
the laws of of in 

still completely The 

enough, but they no of an. 

orderly In the it will be 

.oar business to the 
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which has Introduced order into this previously chaotic 

region, and which has enabled a few workers to estab- 
lish in half a dozen, years the foundations of a great 
science, the importance of which is not at all generally 
realized, 
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CHAPTER VII 

MENDELISM 

WE have already had occasion to point out how im 
portant it is, when engaged upon question* of heredity, 
not to treat whole animals or plants m units, but to 
deal with their separate characters onu a t a time. In 
the course of the present chapter the reason for pro- 
ceeding in this way will appear more dtsirly, and we 
shaE find that the adoption of this method is fully 
justified by the results which it enables us to obtain, 
and which could not have been arrived at in any other 
way. We shall also find reasons for believing that 
: this method is the correct one from a theoretical point 
of view. 

Naturally, considerable care is necessary in deter* 

aiming what are and what are not separable characters, 

At the outset it is not always possible to mafee this 

sUscrimination with certainty, but during the courss 

of the experiments which follow it is almost always 

possible to arrive at a dear definition of etch character, 

and in many cases the distinction of characters is quite 

? obvious from th beftonmf . 

^ Up to the present time the experimental study of 

f|WP^y ky tlle wethods of definite breeding has yWdS 

mil';: 1 ',', gfj 
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'' '% 

and applied to 

distin- 

the This, however, 

it in due to the fact the experimental' 

has yet in with 

ol a les* The it 

itil in Its and has naturally 

ifit to the it 

' The of who 

with and 

"01 a * or lew * are although 

It for that such are 

As we the majority 

ol or from 

ona to be of a 

90 that the Ju9t to is not so 

at ifit The 

' of the of by 

hat, ** a of fact* 

ft* tad 

;,t* ft* 

w e to to that 

tfe* by w** of an 

10 of ft or * 

"it to to that or, 

tat* into to the 

jfWF iti 

"t0 tlM Ot tWO TtUI - 

line*, to ft* port W 

ki mm have b*n 

to this { 



1 Vom Vater hab' ich die Statur 9 
Des Lebens Fuhren, 

Vom Muttcrchen die Frohnatur 
Und Lust m fabuHcren.' 

In such a case we must always look upon the 
spending character of the as 

in the offspring side by side with the character 
finds expression, only the former is 
the latter, and forced to remain invisible. That the 
hidden character is actually is 

shown by the fact that a of a 

particular grandparent , which did not in the 

parent, may reappear in the child. For a 

characteristic of the 

father may thus its in the 

It is found that any individual may be looked upon 
as being to a large an of 

characteristics. In a pair of n 

number of the are the In 

the two the distinction the two 

depending upon a few only* The' 

majority of are in 

a pair, but of the affe 

opposed. Thus in of 

plexions may be dark or fair, or 

;; : hair straight or curly, and the the off* 

v spring of which had and curly 

' : respectively might or curly or 

mediate (wavy) hair s as or the 

. character, or both in its 

; obvious ; for in the will 
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be present, though one may be hidden. What wiU 
htippen In the grandchildren ? 

The manner in which characters comparable with , 
t]kc above are actually transmitted has been worked 
in the of many of animals and plants, 

in where experimental matings can be 

jrc&dily carried out, a number of offspring 

it is found a rule applies which 

holds in every thoroughly examined 

hitherto* This law by Mendel about 

the year 1865, and has called by his name, 

enunciating It we shall consider the informa- 
tion afforded by the of a pair of simple 
Afterwards we endeavour to show 
the application of the law to the more complex 
in which combinations of are concerned* 

A of Indian corn or contains a germ or 

which under conditions wiE give rise 

tQ the plant. The is surrounded by a 

of constituting 

thft is use of by the 

its The embryo 

, as the of a of fertilization which 

in the : The ovum, or 

cell in a a nucleus, and 

on with one of the from t .. 

of the which 

to the of an plant* 

1 are the the point of view of 

the of cells- the con* 

xa 
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stituent units of the plant body* The which, 

together with their nuclei, take part in the of 

fertilisation are known as or 

and female respectively, the latter the ovum, 

It is less generally known that the endonperm of a 

grain of Indian corn by a very similar 

to the one which rises to the embryo A 

second nucleus derived the 

fuses with a nucleus the ovum, to 

the product of this fusion the its 

origin. It is further found, so far at as 

characters are concerned to which we at 

confine our attention, that two important 

hidden in the are in 

hereditary constitution, so are the two 

nuclei derived from a In 

quence of this fact, the of the 

sperm may be as a to the 

of the plant into which the will 

afterwards develop. The of the 

two are the 

It is not difficult to find a variety of in 

which the is yellow, and in 

the colour of this is white, to the 

of any visible yellow If a of t 

white variety is with a 

yellow variety, the its 

nature by the of the ydUow in its 

sperm. This is found to be a 
upon a plant of a white which has 
with * white f are white, but if 
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a yellow strain the grains are yellow. On the other 

hand, the grains upon a plant belonging to a yellow 

strain retain their yellow colour even if the flowers 
which produce them have been pollinated from a white 

variety. 

These facts are expressed in technical language by 
saying that yellowness is over whiteness, and 

the latter is to be 

Let us now that we have sown a number 

of the yellow grains derived from the cross yellow x 

or x that we have exposed 

the female flowers of the resulting plants at the proper 

of their to the influence of pollen 

from a pure white strain, taking care that 

of their own hybrid pollen falls upon them at 

the time. The result of this experiment takes 

us at to the very heart of the Mendelian theory, 

the total number of grains obtained in this way 

from the x x white, 

and are yellow. 

Thus in an out in the manner 

ninety-five plants : 

Yellow *4>793 or 50*03 per cent 

' . 

But we go this. On sowing the 

whita in (F t ) 

allowing the them mutually 
to one 

C* any of yellow* 

* x it to be * from.* 

12 a 



Half the grains, then, of the 
yellow) x are pure white in colour, not to 

distinguished from of the x W 

even after an extensive of 

which is the most rigoroms test we are able to 

The yellow grains born upon the pla 

(F t )* had clearly of them one white* 

namely, the plant which Ihc white pollon i 

derived. On sowing yellow and 01 

more pollinating by white, a pncisf1y 

result was observed to that obtained in <lw* prvml 
generation that is to plantH, derived fr 

yellow grains, once more 50 per otnt. 

white grains and 50 per cent, of yullow. We i 
therefore, led to that the y*4kiw b 

upon the hybrid are of prt*cit:ly the nut 

as the original yellow hybrid x 

since their behaviour when pollinated front the* *a 
white strain is identical* We the ret 

so far obtained in the of the 
P* x 

FI yellow x white 

F| white x yellow (50 %) (50 %) x 

F s white (50%) yellow (50%) 

* The following shorthand are to dei 

the different in j 

the generation of the original ; F E it the gen 

tioa of offspring- the and the 

which tiy give To the F t tit* * 

podmced tt^>tt the P E pkati, aad tito to 1 

give rise, and so on. 
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The pollen of the F l plants (i.e., those plants which 

were derived from the yellow cross-bred grains) when 
applied to the female flowers of the pure white 

strain of maize, caused in like manner the appearance 
of white and yellow grains in equal numbers. This 
result is equally well by the above diagram 

on simply the yellow in T? l as the male parent 

(pollen-parent) instead of as the female parent (seed- 
parent) of F r 

What is, then, the of these results ? The 

is really very simple* The germ-cells (ova and 

pollen -nuclei) of the plants (white x yellow) 

be potentially either pure white or pure yellow, 

with no blending of characters. Further, the 

two kinds (yellow and white) of male germ-cells or 

pollen -nuclei in equal numbers, and the 

be true of the germ-cells or ova. 

By this supposition only can the observed facts be 

If the is true, then, when the 

(Fj) is with the pure 

form, its rise to white 

are of the x white), and 

are Its yellow rise to 

are of the (yellow x white). 

And, the of yellow- and white-bearing 

i the of yellow and of white 

in is apprommatdy the same, 

are of the composition as the 

by aosstog pure 

' with and we seen that they 

to the way on further crow- 
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breeding. This conclusion is at to far firmly 

established that no alternative has 

put forward which will the 

We have next to will be the of 

crossing our cross-bred plants with one 
of with the pure white form. The 
bUities present : 

A yellow female may pair with a 

M t. 

A white t , f* * 

n tt n > wftitf y 

All combinations are equally to 

because in each plant are the of 

yellow and white as as of 

and white In the 

each of the above will be to 

place in an equal number of The 

we shall obtain, then, will be in 

and the two kinds will in the 

tions : I ; 2 x or x 

white, which, as we will be 

in ; i pure yellow* we 

shall a of 3 to x 

In an the was 

obtained : 

Yellow or 74*5 pf cent* 

White 5,681, * 35"S 

-that is to say f a ratio of yg yellow to i white* 
The lA : : x0 In which /I 

the dominant (yellow) and a (he 

character (white), may be of at a 



MONO-HYBRID CROSSES 183 

formula. It indicates the proportion in which the 
two pure types and their hybrid brethren will appear, 
on breeding together the offspring of a simple or 
mono-hybrid cross--*.*?., one in which attention is 
paid to the behaviour of a pair of characters only, 

So far we have been dealing with a pair of characters 
consisting in the and absence respectively of 

a particular pigment. Precisely similar results are to 
be obtained in the case of a pair of structural char- 
The endosperm, or substance, of cer- 

tain of Indian corn a smooth surface, 

and contains an starchy reserve material, 

whilst in other the of the endosperm is 

wrinkled the product is of a sugary nature. 

This is characteristic of the kinds 

of largely in the United of America 

as a table 

On. together a variety with starchy . 

and one with the grains 

are and starchy, no 

the is as the 

the is to the starchy 

is a being one 

which in Fj to the or com- 

plete of the ex- 

hibited by the which is of as 

In the the character is 

Hie further of the smooth 

it the as that of yellow 
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crossed with white* Thns f if the hybrid are 1 

together or self-fertilized, the will exl 

a proportion of to one won 

grain. In an actual there 5 

smooth grains and 1,765 wrinkled, or 75*06 per c 
of the former and 24-94 per cent* of the 

In a further the b 

true. On the one out of sm< 

grains does the like. The gi 

are of hybrid nature, 0n 3 

again the same propoition of thrvo smooth to 
wrinkled, Such hybrid grains and tlm plants 
which they develop are spokun of as 

Thus, if we write B for smooth and b for wrinl 
the following will tht* result of 

together plants which lx*ar characters, and a 

wards self-fertilizing the offspring obtained : 

P (dominant B x 



(betercy|0te like J) 

on *e>icrttii/*ititm 



F s 


jj m M* 

like 
dominant) on gelf-fertilsxation 


J 








J-- - 


* i -P urMMrMM* 




A 


JW5? 


jjj/j 


A *// M 


J 








(extracted 














dominant) 


so on 










1 


i 




P* 


JWT 


m 


W 


J 




and so on, 


SO 0% 


and 10 on. 






breeding 


breeding 


breeding 






true* 


true. 


true. 


tti 
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So far we have seen that both a pair of structural 
characters and a pair of colour characters can 
* Mendelize,' according to the phrase coined by the 

Germansthat is to say, the germinal representa- 
tives of such pairs of characters remain perfectly 
distinct in the hybrid plant, and separate completely 
at the formation of its gametes, in such a way that 
an equal number of containing either 

character* 

The of a pair of characters which behave 

in this way on crossing are called allelomorphs. When 
a pair of gametes together in the process of fer- 
tilization the resulting cell is known as a zygot. A 
formed by the conjunction of two like gametes 
is called a When the gametes contain 

opposite members of a pair of allelomorphs the result 
is called a The terms may also be 

applied to the adult multicellular organisms into which 

develop. 

We still to what happens when parents 

are which in than one pair of allelo- 

morphs. The is as follows : 

a yellow type of mai^e to be crossed 

with a wrinkled variety, both smoothness and 

dominant. The grains produced in 

PI are yellow smooth. Let the F t plants, 

from the yellow heterozygote grains, 

be with the wrinkled white parent, which 

is in of both characters. 

In this way the true nature of every germ cdJ 

by the wiH be able to manifest 
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, In the of till 

from it* 
The following was la f 

way: 

j Smooth 0r per 

Smooth ot* *57 

Wrinkled 0r n 

Wrinkled or 4*5 tf 

Thus we see a of the gti 

of the of f ht fc 

of is 10 say, 

is an even a whi 

or wrinklcdnflss. In the two 

allelomorphs In the 

of the other* It Is to bo i 

arrive in this way at two saw 

of not by the 

We two so* 

of with and grii 

In a if the cue 

it of tilt art i 

md I 

to F t the attw 
and 

me on tin 

is 



as 

fN tlit tf i 

oils of the wfl It of ft* 

r : 

7',' ",!'.> 
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Cobn born by hetr*ttygottt plant* pollinated with the recessive, showing 
ec|uali(y of nmooth and wrinkled and of coloured and white grains, 

l*/Y) Aicr /. iK6, 



AD the combinations are, then, 

: 



are combinations* The 

can be shortly in the form 

U + 2,4 + a) (B 4- aBi + 6) f * wil be to giv 

the Thus the combina- 

tion of the for F t when each of 
tha of is 

the for tlit two of tMomorphs . 

the also be In the form : 



4 A 1 f i # * 4 

will { s J 
4 / I I* sJ$ 



i 
4 
^J 

* It if to te at , 

by A came 

In J for J At S Jte SS t aad so on* 

On &*, t the of to two 

4B4% tad fa o* ' 
of ^s 
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Let us consider the external of 1 

various types in the particular before us. 

Nine of the above include A an 

and are therefore smooth yellow in 

need not stop to consider whether a or b or botl 

present in addition, are 

Three terms include A and b, B absent. T, 

therefore, appear wrinkled yellow. 

Three include a and B f /I T 

therefore, appear smooth white. 

One contains a b only, and is t therefore, writ 
white. 

With regard to internal : 

The nine individuals of AB 

following types : 

One pure, A BAB, to the sin 

yellow type on self-fertilization. 
Two ABAb, in of 

pair B-b, but yellow, 

Two In of 

but 

Four A Bab, in of 

. of 

The of Ab 

following : 



One <4&46, to the (3 

wrinkled 
Two Abab, 

wrinkled 
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The three Individuals of appearance B Include the 
following types : 

One pure, aBaB, breeding true to the (new) 
smooth white type- 
Two aBab, giving both smooth white and 

wrinkled white. 

The remaining individual is ab in appearance and 
in constitution, and true to the wrinkled 

white type. 

The expected behaviour of all these different types 
can be followed out by the aid of suitable breeding 
experiments, and not only has this been done in the 
of the which we have considering, but 

precisely similar phenomena have been shown to be 
taking for a number of other characters in 

many different of plants and in a good many 

animals as well 

We are now in a position to the important 

proposition known as law, which is to the 

following : 

The of a the pure parental 

from one another f 

and the distribution of the separate allelo- 

morphs in the is all possible com-- 

of are in approximately equal 

(Note it is for more than 

one of the of allelomorphs to occur 

in the 

This it the of the discovery made by 

of Brunn, and published by 



him in the Transactions of the Brunn Natural Hist 

Society in 1866. By some extraordinary cfaa 
Mendel's paper was entirely lost sight of until 
same facts were independently rediscovered in il 
by de Vries working in Holland, by Corrcns in Germa 
and by Tschermak in Austria. 

Gregor Johann Mendel was born on July 22, 18 
at Heinzendorf, near Odrau, in Austrian 
1843 he entered as a novice the 
Altbrann, and was ordained in 1847, 

Mendel was a teacher of natural in the Bit 

Realschule from 1853 to he 

Abbot of Ms monastery. During he ** 

largely occupied with in 

great variety of plants, of his 

in this line of scientific work is to be fror 

perusal of his to the German 

a correspondence which has 
by Professor Correns, 

the result of his work with of a fei 

his with 

After 1873 the the 

Abbot of Brann to 

biological work. His in. 1 

years of to Mtu 

was thirteen Junior. 

Mendel's own is to 

chief ones by peai 

kind of plants which to be 

'well to this of 

to to 



precisely the manner as those characters of the 

maize-plant which have been already described, and 
in all of them the phenomenon of dominance also 
appeared* The characters dealt with by Mendel were 
as follows, the dominant member of the pair being in 
each placed first : 
Smooth and wrinkled seeds, 

Yellow, and material*.*., cotyledons. 

Deeply coloured (grey), and nearly colourless testas 
or 

Inflated or stiff, and wrinkled or soft pods. 
Green, and yellow pods. 
Flowers tip the stem, and flowers in a 

bunch or umbel. 
Tall,, and dwarf stems. 

As the of experiments Mendel came to 

the conclusion with which his is now closely 

the male and germ-cells of 

hybrid contain of them one or the other 

only of any of 

by the and of 

a pan of is in an 

number of of both Furthermore, 

of (allelo- 

morphs) conform to law in 
of out 

Although in one 

of pair of was always 

is by no an universal 

of plants are 

In a number of in- 
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stances the heterozygote is found to exhibit an 

ance which Is more or less intermediate the 

types of character shown by the parents. It may be 

almost exactly intermediate, or the of the 

cross-bred form may be to of one 

than to that of the other* Dominance is clearly only 

an extreme of this The 

term * dominance * is to In 

the appearance of the hybrid is so to 

that of one parent as to be no 

guishable from it* 

In other cases, still of a simple 
the appearance of the may be 

different from that of An 

excellent example which is certainly of 

nature is afforded by the Atuialusian fowls 
by Messrs. Bateson and Punnett. And this will 
serve as our first illustration of the application of 
principles to as well as to 

of the are as ; 

The * bine f of to be a 

hetarozygote which has got 10 

true. When a of are 

only about half are like the 

remainder re- 

maining * wasters* are and half arc 

white, showing only a few 8 If f now, 

a pair of the arc they 

breed perfectly trae f only like 

themselves. Similarly the 
together rise to white, and 
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Both these forms, then, the black and the splashed 
white, are clearly pure homozygotes. On mating a 
black and a splashed white together, black-bearing 

gametes and white-bearing gametes will meet together 
in fertilization. In every case in which this form of 
mating was carried out the resulting chicks were 
invariably blue. 

The gametes of the blue type of Andalusians, then, 

according to our supposition, do not bear the blue 
character at all. Half of them contain the black and 
half of them the splashed white allelomorph. Such 

gametes, meeting by chance when a pair of blue An- 
dalusians are mated together, give rise to the zygotes 
one black-black, two black-white, one white-white 
the black-whites being, of course, blue in appearance 
as before. 

Now, we may put this explanation to the test by a 
very simple experiment namely, by mating the sup- 
posed heterozygote blues with the black and with 
the white types respectively. Both these 

forms of mating were examined by Bateson and 
Punnett, and the as follows : It was found 

that blues with blacks rise to equal 

numbers of blue and of bkck offspring, whilst when 
blues were with whites there ap- 

peared blue and white chicks in equal numbers, 

And by a repetition of the process it could be shown 
that the so were heterozygotes as before, 

Here, then, we have evidence that equal numbers 
of the germ-cdHs produced by the blue birds bear the 
pure black allelomorph and the pure splashed white 

13 
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alMomorph respectively, since half the offspring ob-' 

tained on mating the blue birds with black are black, 
and half the offspring obtained on mating them with 
splashed white are white. The following 

scheme of inheritance illustrates the phenomena 
described : 



i (zygote) 

1 (gametes) 

2 (xygote) 

2 (gametes) 

3 (xygote) 

3 (gametes) 

4 (*ygote) 



blue heteroxygotc 

black and white 

i black-black 2 black-white i wh; 

{blue heteroaiyg ote) 



ite-white 



black 
black 



black 
white 



white 
white 



black i black 2 blue I white white 



black! 
black f 



.- x 



/white 
\white 



all blme httermygotes 



A case which is to that of tht An- 

fowl is by the crow 

and 

P. ftfww^ with P. rise to * 

type which Is from either being fa 

some the two, the 

hybrid is so that t name has 

to it, and the uaw type is as P. 

So lax it hat baun to obtaJa a 

of P. which will true. MM* 

tht am foiiEd to tbe 




PIG, 15. PRIMULA SINKNKIS CROSSED WITH P. STKLI,ATA. 

Above, the parentH, In the middle, the heterozygote offspring 
/'. pymmidtilis. Below, the result of self .poll mating /'. pyntmtdalis ; 
i, P. sinenus : 2 /** pyramitlalts ; r. /*. stellttta, 

[ To face /. ic;4. 
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'. sinensis, P. pyramidalis, and P. stellata in the 
> of i : 2 : i. 

ises like the above illustrate the essential part of 
dePs law even better than those in which domi- 
3e is present, the characteristic proportion of one 
ach homozygote type to two of the heterozygote 
g at once recognisable in such a case without the 
ssity for further breeding ; whereas, in cases where 
e is dominance, further study is necessary in order 
listinguish, among the individuals of dominant 
earance, those which are pure dominant and those 
:h are heterozygous in constitution. 
i concluding our account of the simpler forms of 
tdelian phenomena we may consider one further 
it with regard to the nature of the two allelomorphs 
dng up any particular pair. In what is probably 
ajority of the hitherto examined the dominant 
recessive allelomorph seem to represent respec- 
ly the and of something. Thus 

dominance of colour to of colour, or white- 

it- is a very frequent phenomenon. And in some of 
more complex to be described in the next 

pter we shall find the presence and absence of a 
ticular factor very often behaving as a pair of Men- 
an aUelomorphs. The question arises as to how 
this conception should be extended. It seems, for 
anee, somewhat far-fetched to speak of dwartness 
simply determined by the absence of the factor 
taUness, though it is not impossible that this may 
;ht correct way of looking at the facts. Be this as 

my* it is to be ranaembered that a Mendelian pair 

13 a 
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often represents the presence and absence respectively 
of a particular feature. 
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CHAPTER VIII 

MENDELISM (continued) 

MENDEL'S law, as stated in the preceding chapter, 
has already been found to hold good in a very large 
number of casescases in which all kinds of characters 
are concerned, belonging to many different species of 
animals and plants. In certain instances, however, 
complications arise, and these may be treated of in 
two main sections. 

The first kind of complication arises from the pheno- 
menon known as coupling. The essence of this pheno- 
menon consists in the existence of some kind of affinity 
occurring in the same individual between allelomorphs 
which belong to distinct pairs. In consequence of such 
an affinity exceptions are found to the rule that sepa- 
rate pairs of allelomorphs segregate independently. 

The closeness of the connection between the char- 
acters concerned shows a series of gradations in dif- 
ferent cases. In the simplest cases of all, what are 
loosely spoken of as separate characters are found on 
doser examination to be only different aspects of one 
and the same characteristic feature* These cases, then, 
offer no real exception to the rule, for only one pair of 
allelomorphs is actually concerned. As an example, we 
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may take the of the wrinkled of m 

already contrasted with the 
The essential difference the two 

upon the fact that in the the 

laid down in the endosperm Is different, larj 

of a sugary nature of V 

this circumstance is the of a la: 

proportion of water in the 
result of this is that, the its sur 

falls into folds, The of the : 

them to on a or 

transparent the of the 

variety* All if can be so cal 

behave on as a 

and are in the I 

single substantive 

A simple of what probably !>a 

as a real of coupling is by col 

by In pis 

coloured a red or in 

of the and a of 

are 
the ; so if we find a 

leaf wt be its < 

be white, and the of Its only j 

mented, On a* 

coloured and 0n the - 

hand, with 

and mpigmented on the the two i 

of characters are found to as a 

allelomorphs, the 



COUPLING 199 

colour in these different situations doubtless depends 
upon the presence of a particular pigment in the plant 
which exhibits it. Nevertheless, we can scarcely 
fail to look upon these three separate manifestations 

of the pigment as representing distinct characters, and 

this being so, we suppose their germinal representa- 
tives to be coupled together in such a way that they 
remain associated at the time when, during the forma- 
tion of the germ-cells of the heterozygote, other allelo- 
morphs become independently segregated* 

And this way of looking at the facts is further 
justified by the behaviour of the characters in ques- 
tion in another of plant. For in the sweet pea 
it is possible for the coupling between these characters 
to be broken down, so that a plant which exhibits 
leaf axils may, under certain circumstances, bear 
coloured flowers. In such a plant the leaf-axil-colour 
and the flower-colour must clearly be represented by 

allelomorphs. 

In other again, there may be coupling between 

which, have no" obvious relation to one 

at all. In illustration we may take the case 

of a two of one of which had 

and its days earlier 

the the of which were purple. 

The Pj (with purple blossoms) came into flower 

at a of the parents. 

la F s 506 grown successfully. Some of 

as as the white parent, and others 

as late at the ; but. the majority of the 

two so that it ' 
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was impossible to rank the individuals into del 
in respect of so indefinite a as ' 

of flowering. On making a divi: 

however, it was found 175 and 104 v 

plants were in flower on a day f 

purple and 19 white plants did not 1 

until afterwards. There is, I 

coupling the of 

early flowering on the one and late 

and purple flowers on the other. Two 
more diverse than colour of the and tim 

flowering could at be 

In this last the two 

do not to be completely, but only 

coupled* In it is the dc 

of partial coupling can be 
This phenomenon of has 

been very and 1 

not far to us to ; 

about it with any of Bi 

it this will pla] 

important in the of g 

discovery, it to s 

to it, whilst the the 

a 1 

The in has 

and in 

of In the first the c 

the of the gr 

.whether oval or and the of the floi 

. or 
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When blue-oval is crossed with red-spherical, the 
Fj plants are all blue-oval. But in F 2 , instead of 
getting 9 blue-oval, 3 blue-spherical, 3 red-oval, and 
I red-spherical, the numbers of the different kinds of 
plants obtained closely approached the following 
proportion 177 : 15 : 15 : 49. 

Such a series would be produced if the allelomorphs ' 
concerned were associated in the gametes in the 
following proportion, 7 blue-oval, i blue-spherical, 
i red-oval, 7 red-spherical, as may easily be verified by 
multiplication. Enormous numbers of plants must 
naturally be examined before it can be asserted that 
the actually chosen is really the correct one ; 

in fact, mere statistics are hardly capable of proving so 
complicated a proportion as this in the absence of 
independent considerations. 

In a second case, in which the characters concerned 
were fertility and sterility of the anthers, and presence 
and of pigment in the axils of the leaves, 

there was evidence to show that the gametic series 
was 15 : i : i : 15, of being 7:1:1:7. In fact, a 

such as tiie following to be suggested : 





AM. 


*/t. 


A*. 


No coupling 


9 


3 


3 


3:1:1:3 


41 


7 


7 


7:1:1: 7 


177 


*5 


15 


15:1:1:15 


737 


31 


3* 



ah. 


T** 


X 


16 


9 

49 


64 
256 


3 


1,024 



It is that coupling of the type 3:1:1:3 

has not yet observed. The search has, however, 
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only just commenced, and it is not unlikely that 
additional members of the still to be 

discovered. In passing, it may be the 

ideas of correlated variability which existed prior to 

these recent observations were of a very 

general character. There is good for 

that we shall soon be able to the of 

correlation in terms as definite as which 

be applied to the phenomena of 

The second of complications that w to 

deal with although the term complication be 

to a certain extent justified in with it- 

does not involve any exception to Munch;)'* law of 
segregation* The phenomenon of s0-e;tilecl 
on crossing long been familiar to It* 

meaning, however, was totally and the 

Mendalian was at unable to any explanation. 
The in the in the 

offspring of a of a was not 

visibly in and in many tftti 

can properly be as i 

a which has lost by in 

the of their a 

primitive form* Now, 

those of the of a on 

crossing, as are due to the of the 

two parental in the 

in true of a 

of the of F t arc to 

! which a will do* 



LATENT CHARACTERS 203 

It has been found that the essential part of this 
phenomenon of reversion on crossing consists in the 

existence in the parents of certain hereditary factors 
allelomorphs, in fact which, although by themselves 
invisible, yet, when combined in cross-breeding with 
certain other allelomorphs, belonging to independent 

pairs, lead to the appearance of new visible characters. 
The term reversion cannot properly be applied to 

these phenomena as a class, because, in the first place, 
characters may arise in this way which cannot be 
regarded as ancestral, and* secondly, because reversions 
may take place in other ways ; for example, the 
reappearance of a simple recessive character would 
legitimately be ranked among reversions. The best 
name for the class of phenomena we are about 
to describe is perhaps latency of characters, or crypto- 
meri&m* the latter being the term employed by 
Tschermak* who was the first to describe these phe- 

in connection with Mendelian ratios. 

IE the an invisible or latent factor 

from one on becoming associated with 

a ftifferent factor born by the other parent, and already 

visibly the features of this 

apparent among the visible 

of the heteroxygote. In such a case 

the exhibited by the hetero- 

may subsequently permanent, cwmg 

to the up of a type which is a homo^ygote m 

of the factors. 

be by a definite illustration. 

V A by the of a greyish 
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or brownish to its was 

a plant having nearly (white)* 

testas of the F t plants with 

dots on a grey ground (purple). These hybrid 

were self-pollinated, and in F f the three types 

in the following proportions : 9 putpfa, 3 grey, 4 white. 

What is the of this ? In to 

complete the ordinary for a 

delian in which two o! are 

concerned (di-hybridism) we write down the 

following : 

_ j purple \ f no purple 1 . f 1 . , | no 

9 I grey J * J I Py / f J I grey j * \ no grey / 

But it would that the purple character 

appear when the grey colour, or factor 

stantly with thin colour* h an fa 

the in the original white parent front the 

factor for was derived. the 



I ^ ur ^ e i are the 

\no grey/ r 

f no purple! pj ant$ 0r w }jft e f and we at 

\ no grey J r 

the which as the out 

obtained-*- namely, 9 : 3 : 4 white* 

In other is like the 

of two of cm p, 187* 

We may write ,4 fox of grey for 

of B for of and 

&* for its Then the was of the 

form Ab xnB, which in F r 
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the visible characters of the types which appeared 
in F 2 would be represented by gAB + $Ab + (3aB + 
tab). On referring to the account given on p. 176 it 
wUl be seen that one in nine of the purple plants is of 
the constitution A BAB, and may be expected to 
breed true, 

A precisely similar result may be obtained in F 2 in 
where there is no reversion in F r In the 
following example a white pea, which did not contain 
the latent purple factor, was crossed with a * maple- 
seeded * pea. The characteristic feature of maple is a 
marbling of brown spots on a grey ground colour. In 
F! the marbling was dominant, and the seeds resembled 
the maple parent. 

In F s there appeared 9 maple : 3 grey : 4 white 

i.e., the ratio as in the previous case, this time 

without reversion. This ratio is brought about by the 

simple combinations of two pairs of allelomorphs A -a, 

C 4 -e C unable to manifest itself unless A is 

in the zygote. As a matter of fact, in 

this particular C sometimes just manage 

to in the of A, the result being a 

white with a sort of faint * ghost ' of a maple 

marking. 

When a both maple marking and 

purple is with a white in which neither 

of is latent, we can easily calculate the 

'ratio to be in F t by using the formula 

(4 +2X0 + a) (B + 2B6 + &) (C + %Cc + c). The result 

works out as follows (writing iff for maple* p for purple, 

.' and f for ; gmg 9 gpg, # , (gmp, 3m, 
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3p f w). Since g is absent all the* of 

the enclosed in the 

or nearly so, the total number of 16, 

And the numbers obtained in an 

accorded closely with the 27 : 9 : 9 ; 3 : 16. 

Among the whites, will be the 

factors for m and p, for only, 

for m only, whilst out* in will of 

factors* Until such invisible? differences 
the different white plants ar actually proved to bo 
present the wholo account m far 
or less hypothetical. Tlw proof In obtainable; by 
ing the different whiins with a pure Htratn, Th 
grey factor being thus introduced, flu* 
contain a j& or an m factor will flu* in 

their offspring. A number of tint in 

F s and in Jator actually 

the plant. of tins 

showed the and the 

others the without the tint 

without the and ; 

the of last like of the 

to of the 

allelomorph over white. 

Tbi first of this of to 

be in the case of was one 

by the 

has had to be in 

of more by His* and the 

account of the as For the 

of simplicity wt in tic first 
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only four types of colour-the ' agouti ' or wild grey 
colour, b i a c k) < chocolate/ and albino. The behaviour 
of these colours in heredity can be described in terms 
of three pairs of allelomorphs : 
_ Gg : The presence and absence of the factor which 
gives the ' agouti ' or grey pattern in the hairs. 

Bb : Presence and absence of the black determiner. 

Cc : Presence and absence of colour. 

Where C is present without G or B, the colour is 

SL rr ' A hC r P f, f rmula f r such an ani <^ 
bemg CCggbb or Ccggbb. Black mice may be CCezBB 

etc., and grey mice CCGGBB, etc. ' 

All albino mice are to be represented as those from 
which C-tX the chocolate colour-is absent but 
either G or B, or both, may be present (but latent) in 
an albino individual. 

When B and C are both present, the colour is black 
and not chocolate. We cannot, however, speak of 
black as being dominant to chocolate, since these two 
factors belong to independent allelomorphic pairs A 
new term is therefore required for this relationship 
and also for the relationship between grey and black! 
Bateson s suggestion for the required terminology may 
be given in his own words : ' We can, perhaps, best 
express the relation between the grey and the black 
by the use of the metaphore " higher and lower," and 
I therefore suggest the term epistatic as applicable to 
characters which have to be, as it were, lifted off in 
order to allow the lower or hypostatic character to 
appear." Thus grey is epistatic to black, and black 
is epistatic to chocolate. 
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A curious and not fully 

appears in the of yellow which be 

briefly mentioned on of its 

a subject in the 

appears to be epistatic to as as to 

but yellow mice, so far as the evidence are 
heterozygous. Cu^not's to 

this fact was as follows : 

When YyGGCC is with yyGGCC, 

numbers of yellow and are to be ex- 

pected, since G is hypostatic to F In 
of this nature Cunot 177 

and 178 greys, which we the 

yellow was off the 

portion of the ($*.$., . 

50 per cent,)* 

When such arc 

the be as : 

FyGGCC x - 4- 2 + 

^.^^mWM^roL^^y*^. ! 

I 

Eighty-one in 

this way. 

naturally be to be 

yellow only or ' 

viduals. To Cu&iot's lie 0n 

the one of 

one yellows or its oil* 

; not one of a 

yellow. 
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The only way in which this result can be explained 
at present is by supposing that there is some obstacle 
to the fertilization of one yellow-bearing gamete by 
another gamete of the same kind. The combinations 
YGC x yGC and yGC x yGC take place, it would seem, 
readily enough, but there is some mutual repulsion be- 
tween YGC and YGC which prevents their union. We 
shall find later on that there is some evidence derived 
from an entirely different class of facts which seems to 
support the idea that a selective fertilisation of this 
kind really does take place in certain cases. The 
phenomenon is nevertheless so remarkable that we 
may have some hesitation in accepting it without 
further evidence, In the meantime it must be recorded 
as a distinctly exceptional case, though not, be it 
noted, as an exception to Mendel's law. The gametes 
obey the law, as was shown by crossing yellow with 
non-yellow, and it is only in their manner of combina- 
tion that a complication has been introduced. 

We have still to describe a in which two latent 
factors, one derived from each parent, give rise, by 
their simultaneous in the jrygote produced, 

to the of an entirely new character. The 

following is the first one of the kind to be- 

completely elucidated, and is one of those studied by 
mid Punnett and Miss Saunders. 

The white-flowered variety of sweet-pea known, as 

Emily Henderson was found to exist in two forms, 

only to be distinguished from one another by the 

of the pollen grains which they produced. In 

one of the two the of the pollen is elliptical 

14 
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(long pollen), in the other It is approximately 

(round pollen). Sweet-peas normally 
pollination, so that the two types naturally 
distinct. Let us see what happened when the long- 
and the round-pollined forms were 

The cross-bred plants (P,) had coloured flowers -~ 
flowers of the old - purple* type to 

florists as Purple Invincible, which is by 

a purple standard The 

dticed by of the type. Thus as 

regards the of the pollen 

dominance. But the union of two 
types has given rise to a of all 

a definite colour character with 

This is very the as 

exhibited by the common of all our 

sweet-peas. Here, then, we to a 
of reversion to the on We 

shall find the will 

to arrive at a of the of 

this 

The in Fg 

the following in. 

the : 

Purple Invincible *.. 8n f3| 

I or | i 3} 
... ... 27) 1 1 I I 

\ i 

.*, a; i f s \ | 
> or { I i J 

. * 9 f ^ i I 

White... ** ... m ?, 
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Painted Lady is a well-known colour type which is 
characterized by the presence of a red standard and 
white wings. Picotee and tinged white are also forms 
well known to the sweet-pea fancy. They appear to 
be diluted forms of the purple and Painted Lady types 
respectively, their appearance depending upon the 
presence of a definite diluting factor in addition to the 
factor for the colour in question, or perhaps more 
properly upon the absence of the proper strengthening 
factor which converts Picotee into purple, and tinged 
white into Painted Lady. 

The following explanation of the result so far 
described has now been well established by further 
experiment. In the first place, we may consider all the 
coloured forms together as a single group opposed to 
white. It is now clear that the coloured type of F x is 
due to the meeting together of two factors, one of them 
born by one white parent and the other by the second, 
and it is necessary for both factors to be simul- 

taneously m order that any colour may make 

its appearance. We may call two factors C and 

R, the of either by c and r respectively. 

By the behaviour of these two pairs 

of C-c and &*% the ratio of nine coloured 

plants to white appearing in F s is readily 

and. the way in which this happens is shown 
in the on the opposite page. 

To the of the four different types of 

oolomred which their appearance in F 2 , 

two further of allelomorphs are called in. The 

(B) of one of these, when present 

142 
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in combination with C and R, produces the purple 
or Picotee colour (blue), whilst its absence (6) in pre- 
sence of C and R is accompanied by the appearance 
of the red colours Painted Lady and tinged white. 

Purple Invincible and Painted Lady arc* regarded as 
intensified forms of Picotee and tinged white* respec- 
tively. The presence of the second factor (T) is attended 
by the development of the full colours purple and 




FIG id. 

Tht shaded squares represent coloured plants, the blank 
white plants* 

Painted Lady ; its (/) the of 

the diluted forms white. 

B and T may be when. C or R or 

are absent ; the has 

And it is interesting to the 

white, containing c r b t, only 056 

individuals of P r The whole 
of floral colours is thus by the 

delian behaviour of four of 

Bateson and his collaborators have, 
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a complete account of the phenomenon of reversion 
on crossing, an account which has already been demon- 
strated to hold good in other instances besides that 

of the sweet-pea. The facts are expressed in the 
following manner by their discoverers : ' " Reversion " 
is thus seen to be a simple and orderly phenomenon 

due to the meeting of factors belonging to distinct 
though complementary allelomorphic pairs, which at 
some moment in the phylogeny of the varieties have 

each lost their complement/* 
Dr. G. H. Schull has classified the different known 

types of latency in the following manner : 

i. Latency due to separation. In this form of 
latency an allelomorph, when acting alone, has no 
external manifestation, and is only rendered visible 
by combination with another allelomorph belonging 
to a distinct pair. In this way such ratios as 9 : 3 : 4 
or 9 : 7 may arise, We have already observed an 
of this phenomenon in the case of the two 
factors required to produce colour in the sweet-pea. 

2* Rare have been described of latency due 

to combination, This, of being due to separa- 

tion, Is the of a union in the zygote of two 

dominant allelomorphs, either of which alone will 
produce a character. When both allelo- 

morphs are the character fails to appear, 

3. Latency due to hypostasis, or the masking of 
one dominant by another character also 

dominant and to the masked character, has 

in the of the coat colours 

* of the Royal Society, B. vol. 77 P* 38, 
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of mice. The simplest typical ratio thus produced is 
12 : 3 : i. 

4. The last type of latency described by Dr. Schull 
Is of a totally different kind- It is represented by the 
phenomenon to which the term * latency * origin- 
ally applied by de Vries. This latency in the 

disappearance of certain the 

of poor nutrition, or other of 

Examples of this phenomenon in the 

on Mutation were the 

of the water-ranunculus, and the red white colour 
of the flowers of a of primula* 

We may now to in rapid a 

selection of the more of 

inheritance which so far 

The with which of colour can be 

distinguished and has naturally Jed to a 

deal of attention paid to the of their 

inheritance. In way of 

nance have in in 

.as well as of ia P |f 

in both by a of 

Thus the colours of 
ample phenomena, like the 

and the of by 

Miss Saunders, ex- 

periment for No of 

hitiberto' has to be 
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been observed to 
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pigeons, fowls, cats, and so on. In butterflies and 
other insects, and even in snails, similar phenomena 
have been described. The study of the larger domestic 
animals awaits for the present the proper endowment 

of these researches. When this takes place, the 
inheritance of far more important characters than 

colour will be adequately studied to the great profit 
of all who are concerned in the breeding industry, 

Hurst has already shown from an examination of 
the stud-book that the bay and brown colours of 
thoroughbred horses are Mendelian dominants to 
chestnut. 

Other characters of the most diverse kinds are also 
similarly inherited. We have already referred to 
structural characters in and in peas. Stature 

is a character which is definitely inherited in many 
plants. Among more subtle characters a similar mode 
of transmission has found in the case of differences 
in chemical composition, and in that of immunity 
from and stisceptibiEty to the attacks of certain 
The thrum-eyed condition of the primrose 
has shown by Bateson and Gregory to be a 

to the pin-eyed condition,, so that 
we have a partial solution of a problem which is 

from the fact that it 
Darwin. 

A study of has enabled Bateson to 

that is probability that in the ease 

of the human ax* simply ' 

from to in accordance 

with Menders law. 
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How far the Influence of the Mandelian 

may extend we do not yet know. But It is certain 

very few, if any, have so far discovered in 

which differentiating characters do not in 

way when the types which exhibit them are 
together. Experiments have now been upon a 

great variety of plants and involving a con- 

siderable diversity of kinds of 

it is scarcely to cite a in which It is 

definitely and certainly known that iaw 

subject to the modifications 
not hold good. of are, 

recorded, but these are 

ments either carried out the of the 

Mendelian phenomena at all fully or 

and this is the 
knowledge at all of 

Thus a considerable number of 
described in which the or of P t 

bred true of in P r is 

doubt whether any of will 

criticism ; Millardet's for - 

described at the end of the last but has 

never confirmed. It is 

all the the last fix 

years no of the has 

The most to be of a 

breeding true are of de and at we"- 

are bound to pause* da Vries is by ' 

no recent observer. in of 

de Vries* are of so a 
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have some hesitation in accepting them without further 
study. 

It must be admitted that the suggestion that Men- 
delian segregation may be a universal phenomenon 
accompanying the formation of the germ-cells of all 
animals and plants is one which will be disputed by 
many biologists. There is ample evidence, they will 
say, of first crosses breeding true in the case of 
numerous plant and animal hybrids. But there are 
several points to be considered before we can accept 
the mere fact of a uniform progeny as sufficient evidence 
that there was nothing in the nature of segregation 
amongst the gametes of the hybrid. 

To prove a negative is proverbially difficult, and 
the attempt to show that hybrid characters exist 
which do not segregate in the germ cells of the hybrid 
is no exception to this rule. In favour of the opposite 
contention the following considerations may be 
alleged : 

The characters for which non-segregation has been 
are generally complex and difficult to define, 
Such characters, for instance, are the general habit 
of a plant or the shape of a flower. Characters 

such as may reasonably be supposed to owe 

their to the interaction of a considerable 

number of independent allelomorphs. 

Where two such factors are concerned, in cases 

where the heterozygote form is intermediate, we 

should one out of sixteen F t individuals to 

parent form, the remaining fourteen 

plants more or less intermediate. 
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With three such we should expect only one 

of each parent type to appear among sixty-four 
individuals. 

There to he no reason for doubting that the* 

total number of visible factors, even, which go to 
make up the total shape of a flower may be consider- 
ably than this ; and the of invinibta 
allelomorphs upon which these* may be 
portionately more numerous still. In a In 
an experiment where the total number of 
grown was limited, types like the original 
might never be seen, simply the 
was not sufficiently large. 

Again, we have to consider the possibility of a 
differential fertility among the ulielomorphit* 

combinations. This might l*ad to an intermediate! 
form, actually breeding trut* in spite of the fact that 

was going on in it* - cells, 

possibility has to be borne in mind that the 

of two widely indi- 

viduals which more nearly their 

hybrid a of 

the which in 

with a The* only of 

we upon thin is the 

we know the hybrid form to be of 

surviving* 

De Vries has a 

observation, which to be in this 

connection. It that two of 

Which in a and are M 
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Lata and Velntina respectively, possess female gametes 

half of which can be shown to bear the tall and half 

the dwarf character. All the functional pollen grains 

of L&ta bear the tall character, and all the functional 

pollen grains of Velutina bear the dwarf character. 

De Vries does not offer the obvious suggestion that 

half of the total number of pollen grains In each case 

are impotent. If this suggestion should prove to 

represent the truth, (Enothera l^eta would afford a 

of a hybrid which breeds true in spite of the fact 

that typical segregation is taking place among its 

germ-cells. In the light of this discovery it is clear 

that non-segregation cannot properly be asserted in 

any given until the hybrid has been crossed with 

each of the parent forms on a considerable scale. 

We may now turn for a brief space to some of the 

in which we have as yet no certain knowledge of 

the manner in which inheritance proceeds. 

The most obvious extension of Mendel's law to 

where it cannot be directly shown to hold 

good is to that the rule applies to cases 

of normal fertilization as to hybrid fertilisations. We 

should picture the former process as taking 

in the following way. Every visible 

of the individual which can be separately 

which on cross-breeding would be 

on ordinary Handelian lines, must be repre- 

in the by a definiteiactor of some kind, 

possibly by a or combination of sub- 

The pair ol f actors for a particular 

would combine tm fertilization^ and at the 
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formation of the gametes In the offspring its 
would separate as perfectly entitles, to re- 

combine when these more with their 

corresponding mates. Such a definite of 

characters taking place within a pure strain would be 
very difficult of absolute demonstration, but it is 
to avoid the conclusion is a 

from the facts 

place. Such a would 

thought a very in with 

that of the of of of 

which no trace is externally yet the 

assumption has now to be perfectly 

established. 

This of unit of 

independently of one another, is one of the 
important conceptions which has 
into the science of biology, and the introduction of it 
has foEowed as the of work. It- 

is a conception which has led to a in 

our of heredity, we no 

the individual as a unit, but 
to study the d 

which the individual is built up. of the 

individual as a living an put 

ago by Naudin with only a of its 

significance' has to us. In con- 

nection a curious problem What 

would be left if we could all the 

characters of a living as having 

away? Would or would not, be 
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residuum ? Upon this knotty point there is a disagree- 
ment among authorities, and so we may be content 
to leave it, since the question is hardly one which is 
capable of a practical solution. 

A phenomenon to which it is scarcely doubtful that 
Mendelian principles will ultimately be found to apply, 
although as yet the precise proof is wanting, is that of 
sex* In the male and female sexes of the majority of 
animals we have a very clear example of a pair of 
definite differentiating characters. And the fact that 
in the majority of forms the two sexes make their 
appearance in nearly equal numbers, may be thought 
to point clearly to the conclusion that the separation 
of the sexes depends upon some quite simple gametic 
process. Light has recently been thrown upon this 
question from the side of the study of the minute 
structure of the gametes, and we shall defer the further 
discussion of the problem to the chapter which deals 
with microscopic phenomena within the cell. 

A proper understanding of Mendel's law enables us 
to certain theoretical difficulties which have 

long bean prominent in the minds of students of 
evolution. Many evolutionists were accustomed to 
that a new form suddenly arising in the midst of 
an old-established could not give rise to a new 

and permanent variety or elementary species, because 
it would immediately be * swamped ' by intercrossing 
with the parent from which it was derived. 

If, however, the character distinguishing the new 
type is allelomorphic to the corresponding character, 
or of a character, shown by the parent form, 
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this difficulty disappears. For suppose as an 

case that the new type arises as a single individual 
only, which is therefore compelled to mate with a 
member of the original species* If the new character 
is recessive it will disappear in the immediate offspring 
of this cross. But half the germ-cells by* 

the cross-bred form wiH bear the new 
and undiluted. If any of to- 

gether the new type will in a of their 

offspring. Even if all of them with of 

the original type, half the of 

will be heterozygous, and or the 

zygotes will be sure to with one another, 

give rise once more to the novel type of individuals* 
If the new form has any structural or other 
over the old species, the former will tend to at 

the expense of the parent type, and it 
if it is only equally well for the of life. In 

the case of dominance of the the 

process will place, only it will be 

more rapid in the the 

wiU the In 

case, even if the has a 

over the form, the of 

planting the will be the 0M 

type of character caa in 

individuals* 

Let us for a to op the 

-which have so far to the 

preceding chapter. 

We fouM in the first the 
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of view of heredity we must look upon an animal or a 
plant as a composite being, made up of a great number 
of unit characters, each capable of separate description, 
and all inherited independently of one another. 

When a pair of nearly-related animals or plants 
are mated together, when, in fact, like is bred with 
like, and with still greater certainty in cases of self- 
fertilization such as are not uncommon among plants, 
every unit character born by one gamete finds a 
corresponding mate among the characters born by the 
second gamete. It naturally follows that a series of 
characters similar to those of the parent or parents 
make their appearance in the offspring. 

When a pair of individuals belonging to distinct 
varieties or races are mated together, the result is the 
same in the case of the majority of characters exhibited 
by each of them. For separate varieties of the same 
species differ from one another in a small number of 
units only, and organisms which differ in more than a 
few unit characters refuse altogether to unite for the 
production of offspring. From the study of the precise 
behaviour of those characters in which a pair of 
parental organisms differ, a flood of light has been 
thrown upon the phenomena of inheritance. 

We find, as a rule, that opposed to every differen- 
tiating unit character of one parent there exists a 
corresponding but different character in the other 
parent. One parent may have smooth and the 

other wrinkled for example. Very frequently 

the corresponding feature consists in the absence or . 
to appear of a particular character, as, for 
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Instance, when the of 

to the of white 

We can now realize how it is, in to 

avoid hopeless confusion, to follow the behaviour of 
each pair of characters in the offspring separately. 

The result of the meeting between the two 
characters of the pair we to In* in 

different casts. There may in the 

(i) the appearance of a blend of the 

characters. Or (2) one character may In: at le$ 

dominant over the other* (>r (3) the ol 

the two parental in the may 

rise to an ap|x*aranco quite different from that of 
of them, very much in tin; way as in 

and hydrogen to 

Or (4) we may get further in which tm 

characters, in an 

in one or both a rist 

to the of a 

The of all, 

is which is 10 at this of the 

of the or 

the of the 

at In its the for 

of the of 

in in by 

rise to the and at one 

of the in the (in 

a condition) one 

80 the one 

and of the In 
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one pair of allelomorphs has taken part in the cross, the 

members of each pair are found, as a rule, to undergo 
thin process of segregation quite independently of all 
the other pairs. 

The result of this phenomenon of segregation is 
that we find our conception of what constitutes purity 
in a strain of animals or plants to be completely 
altered. We now know that purity does not depend 
upon the length of time during which the race has 
exhibit eel a constant character, A strain of absolute 
purity may arise from the second generation of a cross, 
Such a pure strain may show an entirely new com- 
bination of the parental characters. But this is so .. 
far the only kind of novelty which we can produce at 
will. We know almost nothing as to the method by 
which entirely new characters arise. We can only 
take advantage of such characters when, they happen 
to make their appearance. 

I would draw special attention to the definiteness of 

the characters with which we deal We do not evoke 

improved features by gradual selection ; the characters 

are either there or they arc not. Let it be further 

that every of this kind which has 

worked out in the of a plant can be paralleled 

by similar phenomena taking place in some one or 

of the higher animals* 

On the mind of a biologist familiar with what was 

of heredity only ten years since these facts 

fall with a of complete novelty. The 

current even so short a time ago are not so much 

or altered^ as replaced by an entirely 
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nevertheless the few exceptions recorded by competent 
observers still require further examination before they 
can be accepted as invalidating the law in any single 

instance. 

The question naturally arises as to how far the Men- 
delian rule of inheritance agrees with or contradicts 
those* estimations of hereditary values which have been 
arrived at by the labours of the biomctricians. 

So long ago as 1902 Mr. G, Udny Yule endeavoured 
with some apparent success to reconcile the Mendelian 
results with those of biometry. Progress has been 
rapid during the last four years, and what we have now 
before us is rather the question of reconciling the bio- 
metrical conclusions with the firmly established facts 
of Mrndciiau inheritance. More recently Mr. Yule 
to have succeeded in performing this service for 
science, although the comments of other biometricaJ 
students upon his work have still to be awaited. 
, In xgoa Yule considered the case of a pair of simple 
characters, A and a, exhibited in a mixed 
population breeding together at random, in such a way 
the total number of germ calls bearing A and a 
might be regarded as equal in any genera- 
tion. In a it will always be an even chance 
wtiethar a will produce a dominant 

or a child, the chance of its gamete 

(*) with A or $ Is the same. A knowledge 

of the of the recessive parent makes no 

to the result. Consequently the case of 
^ tfct not fall in with any possible 

? of heredity. 
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horses, which would have been classed unhesitatingly 
as instances of heredity by all biometricians in 1902. 
Bateson's instinct did not fail him when he divided 
these problems into those of continuity and those of 

discontinuity respectively, although at the present time 
the realm of continuous variation and inheritance is 

being steadily encroached upon owing to the analysis 

of complex characters into definite constituents. 

In 1904 Karl Pearson struck a blow at the prospect 
of conformity between biometrical and Mendelian 

results in his memoir, * On a Generalized Theory of 

Alternative Inheritance, with special reference to 

Mendel's Laws/ Pearson's treatment of the subject 

involved advanced mathematical reasoning, and we 

can, therefore, only give a brief summary of his main 

results. Pearson proposes special terms for the A and 

tlw a elements respectively of a couplet or pair of 

allelomorphs. He proposes to call the A element a 

and the a element an allogme, and he thus 

distinguishes the two sorts of homo^ygotes 

by calling A A a and ML an. allogygote* 

Pearson the of a population breeding 

at random, in which a single measurable 

character, as stature, is determined by the combined 

of an indefinite number of pairs of allelomorphs', 

he to work out the value of parental 

which was to be expected under these'*" 

This value he found to be exactly 

one-third, a value which happens to be identical with ' 

Gallon's original determination of parental correlation, 

Ms of human stature. A considerable'/ 
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number of determinations of 

have, however, since in the of all 

kinds of characters. The values show considerable 

variation, but the average which they indicate is 

nearer to 0-5 than to 0*33. Pearson therefore con- 

duded that in none of these, easels could 

resembling Mendelian inheritance bo 

and that the latter is, in fact , the* exception rather 

the rule* 

Mendclians, aware of the certainty of their 
results, and being convinced that 
have a very wide application, 
reluctantly to the conclusion that 
seriously wrong with the by 

trieiam for determining the of 

It seems, however, that thi* may 
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Tho F, plants prnduci-d grains all of which 
fully as hard as thus,- f th,. Manitoba variety. 

These giains wen- sown, .,,! it w ,-m found lhaYw.i 
the resulting plant* pmdm;<.d Ktrng Drains and 
weak oni-s, and that hc- former UITP tn tho latter 
nearly in the numcricul ratio of ^ : i. Actually 
wr as 152 .- 48 in a sample of 300* takrn at randoi 

In order to obtain i-onlirmation of this tnmt in 
tant 



by tho F s plant* to a wvll-known authority on mi 

wheats, requesting his jndgnmnt upon itu'm, but * 

out tolling him thoir manner of origin. Tlio an 

was oven more satisfactory than could possibly | 

^n antidiwtod. Ojrtain of UK* 8am pJ,. 8 ww / st 

by tlw cx^rl to bchwig to tho variety Rd I 

wind, the minut of Urn particular if mm of Manit 

Hard originaUy matlt* um of in tlw rxix'rimo 

wlulst othtt wt-nt amignud to a ttoftnito strain 

ordinary w ak Knglish wheat, Th wgremtion 

these characters was, therofow, complete/ stren 

being a Mttndoliarj dominant to weakness. 

In the next guncraticm wrtuin of the domln 

plants, as was to bt expected, brd true, and amo 

them were individuals which combined with strei* 

of grain tint other d^irablc qualities of the ee< 

parent. The problem hut, therefore, been compiet 

solv } d, and there can ba little doubt that when tti 

now types are brought into general cultivation < 

profit obtainable from the growing of wheat in 

country will be increased by several shillings to 1 

acre of crop grown. 
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We may next turn to an even more important 
achievement. In many countries the annual loss of 
crop due to the attacks of yellow rust, Puccinia 
glumamm, amounts on a moderate estimate to a con- 
siderable number of miEions of pounds sterling. 
Certain strains of wheat exist, indeed, which are more 
or less completely immune to the ravages of this fungus, 
but these are usually wanting in other qualities which 
are indispensable to the farmer. If it should be found 
that immunity to rust is a simple Mendelian allelo- 
morph, it wotild be possible to combine this quality 
with any other useful character which obeyed the same 
law of inheritance as several useful characters have 
already shown to do. At one time it must have 
( thought that a similar method of inheritance of 
the character rust-immunity was too excellent a *boon 
to be reasonably hoped for. 

Among a number of strains of wheat grown 

m the Cambridge experimental farm, several types 
marked differences ' in the degree of their 
from, or susceptibility to, the attacks of 
gfamwum. Among them Mr. Bifien found 
;/ on* which was apparently quite immune, and, though 
</';|Wwn in the midst of numbers of rusted plants, itself 
7 showed a trace of infection. Of another type, 

;;t9t0vm as Michigan bronae, no single individual ever 
the rust, and so badly were the plants of this 
^W*ta that very few ripe grains could ever be 

' from them, 

iJ/BMten crossed two types together. In the 

every plant without exception was 
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badly but a eu 

of ripe grains was obtained, and 

to produce the second generation. When the | 
of this generation had grown up it 
that among a majority of badly-rusted plants ci 
individuals stood out en 

free from infection. On examination it was 
every plant could be placed in or 01 

categories either it badly or It 

entirely free from ; and the of the 

kinds of plants as : 

immune. 

It is clear, then, immunity and 

to the of yellow as a pi 

immunity 
it is, to by to 1 

a 

quality which is of dil 

inheritance* 

G. J. : aa 

W; R. C.f aticl 1 

to tlie Kvolution of Urn BON 

Also by Co* 

Hunt, do ttoti 



CHAPTER IX 

RECENT CYTOLOGY 

EVERY living creature may be regarded as being built 
tap of a number of structural units which are known 
as cells. In the case of some of the simplest animals 
nad plants, indeed, the whole body of the organism is 
composed of a single cell a small mass of living proto- 
plasm, containing, as a rule, only one nucleus. But 
in all the higher animals and plants the adult body is 
up of a great number of such cells living in 
intimate association with one another. 

The living material of which the cell is composed is 
'Im0wn as protoplasm. Protoplasm is a highly com- 
plicated and unstaple combination of substances, 
.amongst the constituents of which the chemical 
carbon, oxygen, hydrogen, nitrogen, and 
sulphur, pky the chief parts. Its consistency is slimy 
1 ad semifluid, 

:: Concerning the nucleus the most essential and 

- of cell organsmore will have to be said 

on. Other important organs of cells are a wall 

rliif membrane which externally surrounds them, one 

t'&C or cavities containing a watery fluid, 

a gas, and a certain number of more solid 

fw' 1 '' , " 339 ' 
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situated and approximately spherical in form. The 
protoplasm is divided into an outer hyaline and an 
inner granular portion, the former being limited exter- 
naUy by a very delicate membrane. The shape of the 
animal is irregular, and, moreover, undergoes gradual 
alteration owing to the characteristic amoeboid move- 
ments. These consist in a slow protrusion and with- 
drawal of processes of the body, enabling the animal 
to change its position by a kind of flowing movement, 
and also to engulf its food, which consists of various 





FIG* 17. AMOEBA. 

f Nucleus; /, food particle. 



FlG. iS.PLBUROCOCCUS, 

n, Nucleus ; w, cell-wall ; 
chl, chloroplast. 



minute organic particles, by the simple process of 
flowing around it. 

In contrast with Ameeba the unicellular plant Pleuro- 
coccus is motionless, and is surrounded by a firm wall 
of cellulose* In addition to a central nucleus, the 
plant contains, embedded in its peripheral protoplasm, 
several pkstids which bear the chlorophyll concerned 
in' the assimilation of carbon from the gases of the 
atmosphere. This chlorophyll lends a green colour to 
the whole contents of the cell, and in its natural habitat 
the plant is quite conspicuous. The green powdery 
ittbstance often to be on the bark of trees, 

16 
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new ones. In this case, it is only by a stretch of 
language that we can speak of parent- and daughter- 
cells, for the individuality of the pre-existing cell is 
completely lost, and two fresh individualities have now 
taken its place. 

Since all the cells of the animal or plant body arise 
by the bipartition of pre-existing cells, it is clear that if 
we follow these processes far enough back, in the case 
of any individual organism, we may arrive at a period 
at which only one cell was present. And under 
ordinary circumstances this is actually the case. 
Every individual among the higher animals and plants, 
arising by the ordinary sexual method, existed at the 
earliest stage of its embryonic history in the form of a 
single cell, the fertilized ovum. And the first obvious 
process in the development or embryology of the young 
organism consisted in the division of this primitive 
cell into two new cells. Each of these new cells then 
divided again in like manner, and the multiplication of 
cells continued until aE the innumerable cells which 
build up the organs of the adult body had finally 
come into existence. When growth is completed cell- 
divisions continue more slowly, producing new cells to 
good the wear and tear of the bodily tissues. 

As the number of cells increased, their relation to 
another in space was constantly changing. Dif- 
ferent cells, too, became modified in different ways ; 
for instance, the cells on the outside of the young 
embryo took on a different form from those within, in 
with the different conditions to which 



they were exposed, and a tost of other changes took 

16 % 
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place too numerous for us to follow in 
the complicated struct tire of the adult 
gradually arrived at by a of 

which cell- multiplication a 

part. 
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female respectively, according to the sex of the parent 
from which each is derived. In animals the female 
gamete is known as the ovum, and the male as the 
spermatazoon, and the product of their fusion, as already 
said, is called the fertilized ovum. Germ-cells of a 
simOar kind arise in a slightly different way in plants. 
The germ-cells are produced in special parts of the 
organism known as the generative organs, which in 
flowering plants are represented by the pistils and 
stamens. 

A more convenient expression for the fertilized ovum 
is that of zygote, a term which we have previously 
encountered in the shape of the homo- and hetero- 
^ygotes of the Mendelian. By an expansion of meaning 
the term ^ygote is also used to express the whole 
organism which ultimately arises from the product of 
fusion of a pair of gametes, and by this use the impor- 
tance of the gamete, as opposed to the zygotic organism 
as a whole, is brought into due prominence. 

We find, then, that the succession of generations in 
the higher animals and plants, according to the common 
use of this expression, depends upon the succession 
of a much larger number of cell -generations. By 
repeated divisions, each giving rise to a new generation 
of cells, the fertilized ovum gradually develops into 
the adult organism. By the division of certain 
members of the later generations of cells which compose 
this organism the gametes are produced. By the 
conjugation of a pair of gametes a zygote of the 
.'second generation arises, and the same processes are 
continually repeated. 
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Each of the hitherto referred to a * 
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In entering into a detailed description of the changes 
which take place in the finer structure of the nucleus, 
it must be clearly understood that the more minute 
features alluded to are only to be seen with any degree 
of definiteness in dead cells which have been killed 
practically instantaneously by the action of some 
powerful chemical poison. Under suitable conditions 
it is believed that treatment of this kind fixes the con- 
stituent parts of the nucleus in very nearly the same 
relative positions as they occupied in life at the 
moment immediately preceding the death of the cell. 
The tissues containing the cells to be examined are then 
usually cut into very thin sections, and other chemicals 
are applied to them, the result of this treatment being 
to stain different parts of the nucleus of different 
colours and with different degrees of intensity. It is to 
the behaviour of the structures thus made visible that 
our description applies, since it is impossible to follow 
these changes in actually living cells except to a very 
imperfect extent. It may be pointed out, however, 
that we have every reason for believing that the 
differential effect produced by the processes of fixing 
and staining only serves to render more clearly visible 
real differences which actually existed during the life 
of the ceE, and some indications of many of these 
differences have even been actually seen in living cells 
under exceptionally favourable conditions. 

The nucleus, when treated in the manner described, 
is to be built up of a network of branching fibrils, 
the meshes of which enclose a comparatively clear and 
hyaline substance. The fibrils of the network are made 
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into which the thread eventually breaks up. The 
thread gradually grows shorter and thicker, and 
presently becomes divided into a number of pieces 
which are known as chromosomes. In the chromo- 
somes the shortening and thickening process is con- 
tinued until these bodies arrive finally at the form of 
stumpy rods, each of which often becomes bent into 




Fia 23. 



FIG. 24. 



FIG. 25. 



FIG. 26. 



the form of a horseshoe. Meanwhile the nuclear 
membrane breaks down, so that the hyaline substance 
of the nucleus becomes continuous with that of the 
call body surrounding it. A fresh phenomenon now 
becomes visible. A spindle-shaped arrangement makes 
its appearance consisting of a number of minute fibrils 
which connect together two points the poles of the 
spindle situated at opposite ends of the cell. The 
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share of the chromatin which was present in the 
parent nucleus, 

A great deal of evidence has recently accumulated 
to show that chromosomes are very definite and 
important organs. In the first place, the number of 
chromosomes which make their appearance at each cell 
division is the same in all the cells of any given 
creature, and this numerical constancy further extends 
to the cells of all the members of a particular species, 
though in members of allied species the number of 
chromosomes may be different. In widely separated 
species the number of chromosomes varies consider- 
ably ; thus from 2 to 200 have been counted in the 
case of various different members of the animal and 
vegetable kingdoms. One of the commonest numbers 
found is twelve, and this number occurs in a con- 
siderable variety of different animals and plants. 

Next it has been shown that the chromosomes 
which arise at the beginning of a nuclear division are 
identical with those daughter chromosomes of the 
preceding division which originally entered into the 
nucleus now about to divide. An example of the 
kind of evidence upon which this conclusion is based 
may next be given. 

Figs. 27, 28, and 29 show the three possible arrange- 
ments of the four chromosomes which are found in the 
cells of the worm-like animal Ascaris, as seen from the 
direction of the pole of the spindle in the dividing 
nucleus. Of these arrangements, that shown in 
Fig. 29 is much the least common. Now in this par- 
ticular the chromosomes, when they first make 
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their appearance immediately the 

division, are found with their 

little pockets or of the 

so that their position is very definitely mai 

and the arrangement of the chromosomes may b^ 
one of those already indicated. Boveri observed 
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nuclear division, giving rise to the nuclear reticulum 
in the daughter nucleus, are repeated in the reverse 
order at the outset of the next division ; the same 
processes are withdrawn into the same chromosomes, 
and these shorten into structures identical with those 
which passed into the nucleus at its first formation, 
except that they have increased in bulk during the 
interval. 

Boveri, in fact, concludes that the separate chromo- 
somes are to be looked upon as distinct individuals 
almost as separate simple organisms which preserve 
their individuality throughout the history of the cell, 
and reproduce themselves, just as cells and nuclei do, 
"by a process of bipartition. As far as the chromo- 
somes themselves are concerned, their typical or 
resting form is that of the short simple rods seen in 
mitosis. The branched anastomosing character seen 
during the stage of the nuclear reticulum is associated 
with the active co-operation of the chromosomes in the 
physiological processes going forward within the 
nucleus. For this reason the term 'resting stage' 
applied to this condition of the nucleus is a particularly 
inappropriate one. 

Boveri iEustrates the amount of credence which he 
would attach to this theory of the individual persis- 
tence of the chromosomes throughout the resting 
condition of the nucleus, by means of the following 
toalogy : * We make water from oxygen, and hydrogen, 
and from this water we can obtain oxygen and hydrogen 
tgain in the same proportions. Just in the same way 
m the chemist on the evidence of these facts regards 
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water as containing oxygen hydrogen,, 
the properties of are complete!] 

abeyance , so I it to be with equally g 

reason that our theory the individual 

somes as being preserved in the nucleus/* 

Since Boveri this opinion 

produced further of an equally convin< 

kind. He finds that in the of 
chromosomes do not over a continu 

reticulum during the of the 

but remain separate, m> that the umnter 

chromatic bodies can lie counted during this 
during the actual process of mitosis* 

Boveri has produced to t 

different chromosomes play different parts in 
economy of the organism. For example, when 
ferent chromosomes were artificially removed fi 
the nucleus of an embryonic cell by 
of certain abnormal methods of diviHion, tlic cmbr 
which from developed to 

and in different abnormal 

Thin is of particular it gi 

full corroboration to the em 

that the am 

with hereditary the up 

particular of the into 

which of tlw 

pkyad by other of the ; 

further to that 
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may be specially concerned in the development of 
particular parts. 

Sutton has recently shown that the different chromo- 
somes contained in the same nucleus of a particular 
animal may be of different shapes and sizes, so that each 
is individually recognisable. It was thus possible to 
demonstrate that an identically similar set of chromo- 
somes appeared at each of several successive cell 
divisions. In this way additional evidence is afforded 
of the individual persistence of the chromosomes and 
of their separate identity. 

We have already pointed out how, in the process of 
fertilization, the two conjugating germ-cells, as well 
as the nuclei which they contain, become completely 
fused together to form a single cell containing only one 
nucleus. It might have been expected that the sepa- 
chromosomes contained in the conjugating nuclei 
would also fuse together in pairs during this process, but 
this is not the case, The paternal and maternal chromo- 
somes remain separate, so that the nucleus of the zygote 
contains twice as -many chromosomes as does that of 
either of the gametes by the fusion of which it arose. 
This double number of chromosomes reappears at every 
cell division during the embryonic history of the 
^ygote, and thus the fact is accounted for that the 
number of chromosomes in a somatic nucleus is always 
even.* Thus we see that the chromosomes derived 
from the two parents are present side by side in the 
nuclei of the offspring, and reproduce themselves by 
bipartition at every nuclear division which takes place 
* See, however, p 270 for aa exceptional' case. 
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in the zygote. In this way every 
the latter contains a act of 

of them "being the ii 

duced by one parent, whilst the other I 

the second parent. 
There Is to that the set of 

derived from one parent is complete in it 
containing everything iicoeH&iry for the develop? 
of a normal individual. Indeed, in 

(development of tin* unfertili/ed i 
egg have been known to develop which conta 
only a set of chromosomes* Bern ri pn 

very prettily that the paternal net of chromosom 
equally adequate 1 for complete development. Hy 
of violent Boveri contrived to remove 

nucleus from the egg-cell* of a sea-urchin t *itic 
afterwards allowed a nperm'-nucleuH to enter 
which pn'Hently dktvelopi^d in< 
embryo* Thus it 
as at the set of 

is by to lite 
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of the could no p 
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species, it follows that either during the formation of 
the gametes, or at some one or other of the cell 
divisions leading up to their formation, there must occur 
a reduction in the number of chromosomes to one-half 
of their former number. In the case of the higher 
animals this reduction takes place during the two cell 
divisions which directly lead up to the formation of the 
gametes themselves. In plants, on the other hand, the 
reduction, takes place during the formation of those cells 
which are known as spores. From these, after a certain 
number of intervening ceU generations, the gametes 
take their origin. These intervening cell divisions in 
plants are characterized in every case by the appear- 
ance of the reduced number of chromosomes. In 
the higher plants, in fact, a generation is, as it were, 
interposed between the reducing division and the 
actual formation of the gametes. For the spores are 
themselves unicellular reproductive bodies like the 
gametes, but differ from the latter in the fact that 
they develop without undergoing conjugation, and 
give rise to a larger or smaller mass of tissue consisting 
of celb with the reduced number of chromosomes. 
From the fact that the ceUs ol this gamete-bearing 
generation contain half as many chromosomes as 
those of the spore-bearing generation with which it 
alternates, the generation produced from the spores ' 
has been spoken of as the ^-generation in contrast,- 
with the ordinary, or 2#~, generation. In animals the 
^generation is reduced to a single generation of cells. 
only, which is represented by the gametes tbemselves, 
' We must next proceed to mmiim the .actual . 

'. : .-".' . .. 17 
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method by which the reduction in the number o 

chromosomes is brought about. 

The simplest type of the process of reduction o 
chromosomes takes place at the formation of the 
germ-cells, or spermatozoa, of animals. For the sa 

clearness we shall consider the of an anim 

which the somatic contain four 

and in which the reduced number o 

gametes is therefore two. 
The reduction in number of the chromosomes 1 

place during two successive cell v 

immediately lead up to the formation of the g 
cells. A particular mother-cell divides twice in i 
succession, and the four thus 
spermatozoa without further subdivision- 1> 
these two nuclear divisions the numb 

chromosomes becomes halved, giving rise to 
number characteristic of the 

Immediately the first of 

chromosomes 
pairs, and in it has tlia 1 

of pair is the 

of a the i 

the other of the is the c 

corresponding 

This of the in 

be so close i so early, 

are 

the usual of is to be But in 

too, it is to eat 
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and a paternal member fused together. Each of the 
visible chromatic bodies next divides into four parts, 
the set of four deeply staining bodies being known as a 
tetrad. Thus when there are four somatic chromosomes 
the number of tetrads appearing will be two (Fig. 32). 
A mitosis now takes place, during which there is no 
further division of chromosomes, but half of each 




tetrad to either pole of the nuclear spindle, 

m that each daughter nucleus comes to contain two 
halMetrads, each consisting of a pair of deeply-staining 

bodies (Fig* 34). This division is not followed by the 
production of a resting nucleus, for before any nuclear 
rtticulum is formed, and while the half-tetrads still 
retain their definite appearance, the daughter nuclei 
divide again* At this second division in each nucleus 






the separate members of each of the two half-tot radft 

pass to opposite poles (Figs. 35, 36). In the 

of each of the four cells which thus arise theirs is, there* 

fore, present one qtiarter of each of fhr four 

somes which originally appeared one mcntlwr* 

is to say, of each tetrad (Fig. 37). Each of tin* of 

which we have thus traced the origin devrlops directly 

into a single spermatozoon. 



Fig. 38 
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enormously relatively to the size of the 

ovum itself. 

The original tetrad, is believed in all cases, and has 

observed in a few cases, to arise by a 

of the two fused chromosomes, followed by 

a division of each of these bodies into two. In cases 

the chromosomes retain their rod-like appear- 

there would seem to be 

as to whether the first of the divisions 

rise to the * tetrad f is transverse or longitudinal 

in and it is that the process may be 

in But it is generally agreed 

the the two original 

and at the first of the two nuclear 

the of a pair of parental 

nuclei. The second 

on the hand, like an ordinary mitosis, 

of This agreement 

is by the circumstance 

a longitudinal 

the chromosomes 

by whilst those who describe a 

an end-to-end COB- 

Of tilt! 

first of two is the one illustrated in 

the (Fig* 43)* representing the 

of a of chromosomes 

flie two which give rise to 

The derived from one 

i the is left blank. 

the fimt of the two gamete-producing divisions 
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differs from all other mitoses in the fact that in it 
actual separation of whole chromosomes takes pin 
it is a qualitative and not only a quantitative divM 
It is to this mitosis that the term reducing dmm 
properly applied. 

We have to notice that at one stage of the prci 
now described the chromosomes derived from the 
parents are in a close state of fusion. It would t 
as if the actual conjugation of chromosomes, w 
failed to take place when the conjugating gametes 
their nuclei fused 1 ogrther in the fcwmition of 
zygote, was only delayed, and now KU:IU> huwlni 




thousands of cell generations after the actual pi 
of fartilixatitm, and immediately huforw the prodn 
of those alls which an* to give rise- to the. 

individual. 

It may be pointed out that, although the :h 
Homes which i-mtrg from thin fusion i-m 
iduntical with thow whioh tmtea-d into it, yd 
difficult to believe thnt tlwy have not iindergtMW 
chanfiu. f ewsrciiwd swme. mutual infiuenort tijwi 
another. H no such iniUu-m* has Intt-n cwrtee 
difueult to imagine any powwbli? r-aon for tlw i 
tf fusion taking placet at all. 

In the higher plants a *imibr reducing d 
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at the formation of the spores, which arise 

in of four, each set corresponding to a group 

of four spermatozoa, or to the ovum and the three 

of an animal. In the case of flowering 

the nuclei contained in the spores make a few 
further divisions, at each of which the reduced number 
cif chromosomes is to be observed, and one or more of 
flit* thus finally produced take on the character of 
germ-eHls. The Hpctres are of two kinds, large and 
nmall, the latter being the pollen grains. The larger 

givt* rise to female gametes and the smaller to 
mule, arid fertilization takes place in the ordinary 
manner by a fusion between the nuclei of these germ- 

We have seen so far that the number of chromosomes 

in the somatic nuclei of a given species is 

tlie same, and is always even. We have also 

thin number is made up of two separate sets 

n*&ix'Ctively from the two parents, and that 

the of tlict two preserve their separate 

individuality the long of nuclear 

during the development of 

ttttt ygote. A fusion of chromosomes of 

and respectively takes place 

In the Mm of of the germ-cells 

arc to rise to now members of the 

of in animaJs 

the of the actual germ- 

but in a or mmaber of call 

the paternal and 
and the 
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B and b those of the other, and we will suppose that 
one of the parents exhibits the characters A and b 
and the other the characters a and B (Fig. 44). Then, 
in the resulting from fertilization, A, a, B, and b 

will all be present.. 

all the cells, at least in the direct line of 
of the gametes, must contain every allelo- 
morph it will l>e for the particle representing 
allelomorph always to divide into two before a 
cell division place , for only in this way can some- 
; correspond Ing to each, allelomorph pass into each 
of the two crlls produced by the division. And a 
will be at each somatic 
(Fig* 44)* At the formation of the germ-cells, 
or at some cell division, the two 
of each pair of allelomorphs must become 
from one another in such a way that the 
from different parents 
fmss war into cells. When two pairs of 

arc this of separation .. 

.can take in of the two ways shown in 

' Fig* 45. the evidence shows that 

the two with frequency in the 

of the of the heterozygote. 

: . who has in following the above 

of the of the supposed particles 

in the cells of a 

. ' on it with the preceding 

'' of the of chromosomes in the 

and respectively, can 

' fill to he t>F the extraordinary simi- 
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larity between the two processes. It seems quite 
clear that there must be some real connection between 
the behaviour of chromosomes as seen microscopically 
on the one hand, and the behaviour of allelomorphic 
characters as deduced from the results of experiment 
on the other ; and that the evidence derived from these 
two forms of study is bound to be of considerable 
mutual benefit. 

At first sight it might be thought that the chromo- 
are the actual bearers of Mendelian characters, 
in tlu? sense that each chromosome represents a single 
allelomorph ; and, indeed, there is no fundamental 
difference Ix'tween the, behaviour of chromosomes and 
tlmt of our supposed character-bearing particles. But 
there is, at least in some cases, a fatal objection to 
tbi* Ijelief in the fact that in certain plants the number 
of Hojuir.it e alielomorjrtuc pairs which may be born by 
n hybrid is greater than the reduced number of chromo- 
somes wliidi tin* germ-cells of this hybrid contain. 
For instance, in the case of the pea the reduced 
number of cliromosonws is seven, and Mendel himself 
tin 1 behaviour of independent pairs of 

alMomorphH in study has revealed the 

of at four additional pairs of aUelo- 

in UK**' plant*, all of which are probably equally 
iudrpendi-nt of one another. ' : 

We mu*t f thtwfoas Beck a explanation, 

and dr Vrfcn has n^ntly one which up to 

tlir time the most likely to represent 

tin* trur of the phenomena* Pe Vries* e*- 

b with the finer structure of the 
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chromosomes themselves, a w 

have not hitherto entered. Pmler jwmriH of flu* 
microscopes and after very preparation, it to 

possible to observe thai each chromowme retains a 
number of separate pMititlt% an* 

known as flifwwwimx Whc*n tin* pair* >{ parrntal 
chromosom< k s fww* togelher pn \ions to the 
dtvisifm, the chromomerrH 
to meet together in The 

of each pair l^ % tnfjethtT 
separating as tin* chromosome;* 
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precisely that chance distribution of allelomorphs 
which is required on the Mendelian theory would thus 
be arrived at. 

De Vries* explanation throws light on one pheno- 
which is not accounted for on the supposition 
each chromosome represents a separate allelo- 
morph. In the diagrams previously given of the 
behaviour of Mendelian characters within the cells we 
givm no indication of a conjugation in pairs 
pwvicms to tbtf educing division. Such a process of 
fusion ift, liowrwr, one of tlie most marked phenomena 
in I lie behaviour of the chromosomes at the paraEel 
of tht'ir t*xiste*uce. On the chromosome-allelo- 
morph view, tlw phenomenon of mitosis as bringing 
about an equal division of hereditary particles between 
ftr tvlis, nnd ilm proem of reduction in the number 
of flu* chrcMnoaonws, are both accounted for, but there 
in no explanation of the fusion between the pairs of 
diromoHonif!*. Oil do Vrtes' view, however, this pro- 
or* k hi oidcr to bring about the necessary 

of between the chromo- 

and o the germ-cells into which the 

In cam* the phenomenon of correlation 01 

Imn been we must suppose that there 

| Him** which the representative 

of tliu con<Bmed to 

In during the process by which the 

otter ^ l^^ between the 

Of thift of coupling the cytoto- 

mi t been able to observe my 
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indication in the*, behaviour of tin* rhrcMiosom'H f any 

more than they cm really N*C the rrdistrtbutitm of I In* 
supposed factors carried by the chroinonnT*s. But 
apart from thin it must br that flu* of 

experiment and of observation lit in 

one another in a remarkable way, that flu* 
delian theory throws on tin* 

features of cell aiutomy. 

The, possibility still in cvrtain 

particular characters may be 
ticular chromosomes as a wltolf, wr 
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germ-cells of a particular species of insect known as 
Protenor bdfragi. The case afforded by this animal 
is remarkable inasmuch as the somatic cells in the 
male, and only in the male, contain an odd number 
of chromosomes. An irregularity is accordingly intro- 
duced into the process of fusion of the chromosomes 
In pairs, which, as already described, always precedes 
the formation of the germ-cells with their reduced 
number of chromosomes. In the case of the male 
all the chromosomes fuse in pairs except one, 
is, of necessity, left over. This odd chromosome 
is described as the heterotropic chromosome. The 
has one more chromosome in its 
calk than the male, thus making up an even 
that is to say, in the female the pair to 
the odd chromosome of the male is present, so that 
are two heterotropic chromosomes, or idio- 
These fuse and separate in the reducing 
which thus in the normal manner' 

in this sex. In the on the other hand, when 

the occurs, the heterotropic chromo- 

complete into one of the resulting cells. 
Iri tin* garnet ^producing division, every chro- 

divided into two, the products 

of fltis division into different gametes. These 

lattt*r divtKicm* are of two kinds, since in one of them 

the ht'torotropic chromosome part, whilst in the 

it in wanting ; consequently, two out of the 

eventually produced contain the 

and two do not* (Only one 

of each kind is shown m Fig, 47.) Thus 
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cronpanying diagram Illustrates the behaviour of "the 
chromosomes during these processes. The hetero- 

chromosomes are represented as black, whilst 
the remaining chromosomes are left white, and for the 
sake of simplicity only two pairs of the latter are 
indicated in the somatic cells. 

When the above facts are taken into consideration, 

it is scarcely possible to doubt that there is a causal 

relationship between the characteristics of the female 

wx and the* presence of two heterotropic chromo-' 

and that a similar connection exists between 

and the presence of only one. Let us trace 

this relationship a little further, 

The fad H clearly prove, in the first place, that the 

heterotropic chromosome alternates between 

flie two in alternate generations, passing from 

the to the female in the production of females, 

and the to the male in the production of 

(aw* the, diagram). 

that particular chromosomes are 

In the determination of sex, Wilson 

the following interpretation on Mendelian 

the heterotropic chromosome is the onjy 

one in the it must represent the male 

But, spermatowa which contain 

tliif only females, the maternal 

of the chromosome, already 

in the c*gg be a dommaat female <fe* 

And In the of fertilisation which 

rise to the heterotropio ehromosowe 

the egg the male deter* 
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yellow-bearing spermatozoa unite only with eggs from 
which y is wanting, and vice versd. On this explana- 
tion, one might at first sight expect to get a proportion 
of two yellows to one grey instead of nearly three to 
on*, which was the ratio actually observed, since the 
fertilization yellow by yellow fails altogether. But 
Wilfton points out that, since spermatozoa are in great 
as compared with eggs, it will be 
for all the Y-bearing eggs to be fertilized by 
F -bearing spermatozoa, as well as half the Y-bearing 
eggs by y-bcaring spermatozoa, thus bringing the pro-- 
portion of yellows to greys more or less nearly up to'' 
three to one. 

In another of insect closely allied to Protenor -. 

the alls of the male, like those of the female, 

each a pair of idiochromosomes ; but in the 

one member of the pair is much krger than the 

whibrt in the female they are of equal size. The 

behaviour of the krger member of the unequal pair of 

in the various nuclear processes which 

the life-history, is precisely like that of 

the hetcrotropic chromosome of Protenor. It "is 

itii to this chromosome as representing 

t determinant* and to suppose that the 

of Bex determination is precisely similar in 

the two On this supposition, the smaller idio- 

is as being without function so 

far sex is : 

In t to the same natural grotip 

and bear alike a pair of idio- 

of Here, again, it is possible _ 
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Colour-blindness must therefore be supposed to be due 
to the presence of a dominant allelomorph, and its 
non-appearance in women must be caused by the 
of another dominant factor which is epistatic 
to the factor for colour-blindness. It has been sug- 
that the counteracting element is none other 
the factor for femaleness itself. 
Old and impotent females among the higher animals 
are known sometimes to assume some of the secondary 
characters of the male sex. This power suggests the 
of the male element as a previously latent 
in their constitution. On the other hand, the 
supposed female characters assumed by castrated 
can probably be accounted for as the result-' 
of development, without any necessity for 

the of a female factor. 

It is not necessarily to be supposed that the above . 

description of the facts of sex-determination will hold 

for every kind of organism. In fact, Correns 

has produced evidence which seems to show that in 

the of certain plants it is the male which is hetero- 

whilst the female is homozygous. On the 

hand, the first Mendelian interpretation of sex 

put forward namely, that due to Castle 

that both were heterozygous, Ma&y 

must be obtained and discussed before 

the problem of sex-datermination can be regarded as 

In any settled. 

By way of further illustrating the far-reaching im* 
of the uaformatioE which has been rendered 
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the conception of the isolation of the germ-cells from 
somatic influences, a view which is in, complete accord- 
ance with the Mendelian view of the inheritance of 
definite characters. And it was Weismann who first 
emphasised the belief that the chromosomes represent 
those parts of the nucleus which are specially concerned 
m the processes of heredity. These conceptions 
which, indeed, constitute an essential part of his own 
theory of heredity have stood the test of time in an 
admirable manner. 

Let us turn our attention, then, for a short space to 

the Germ Plasm Theory of inheritance. On Weis- 

theory, as in most other theories of heredity 

from the time of Darwin and Nageli downwards, the 

parts of the living organism are supposed to 

be represented by separate material particles in the-' 

germ-cells. These representative particles are known 

as determinants* A complete set of determinants in 

which every part of the organism is thus represented 

an id. So far Weismann's hypothesis is in 

with the idea of representative particles 

we are driven to adopt by the facts of Mendelian 

except that, following de Vries, we should 

of characters rather than parts as 

thus ; for there seems to be no doubt 

that the character-determinant can affect 'the 

of a number of different parts. But at 

' the step the Mendelian parts company with 

The assumes that the cells of an 

contain a number of ids, or complete 

tttt of determinants, half of the total number 
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from Weismann's theory, and that but for Weismann's 

work it would have been impossible for us to have got 
so far in the co-ordination of the facts derived from 

experiment and microscopic observation respectively. 
The preceding sketch may serve to show how Mendel's 
have been found to throw light upon many 
of the of cytology the meaning of which was pre- 
obscure ; and how it affords at the same time 
a by which may be tested the truth of theories 

upon the interpretation of minute phenomena 
made visible by the highest powers of the micro- 
The disinterment of Mendel's discovery took 
only nine years ago ; and the rapid manner in-. 
the facts of cytology have been found to fall 
line with Mendelian conceptions augurs well for 
ilie of discovery in these fields. 
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For an account of these the reader must be re- 
to the admirable popular treatises enumerated at 
this of the chapter. In spite of the rather 

of studies from those with which 
thif fe mainly concerned, the agreement between 
th* on race-improvement drawn by the 

of Genetics, on the one hand, and by those 
of on the other, is a remarkable- one, and 

be to indicate that both these 

are right in several directions. 
Consequently we propose attempting -a summary of 
the line of researches and arguments which have led 
Golton to his present conclusion that the human race 
Is of vast improvements in physique, in 

beauty, in character, and in intellect. The importance 
of thin conclusion is augmented by the corollary that 
of these improvements leads to a keener 
of their value, and, incidentally, to the 
happiness of mankind. But the student of 
not rest satisfied with conclusions. He 
to utilize the forces of fashion and 

opinion as of modification and improve- 

by diverting their influence into the right 
' and out of their remarkably wrong 

' 

* ' Tht first link in the chain of evidence was forged 
tang ago by Darwin, when he showed how far rtaa 
bad froin * simpler and lower type <tf 

The evolution of man is now a part of the 

crted of most educate4 mem, and 
yrt few or charitable people pause to apply 



4*4 

10 thr 14 fn fh* 

fill- flit! lit' tlf r^ f j 

II! lit*' |M**t, ll* IIMV f|M' |l||* 

iill^s %rf to i^itp* , il f}n 8 H,j 8 !MI, lf^tt* 

III fill |M*4, it <'V*I1 Itr * 

II1l%' r ^ foji'". *>f Of iff <*' 

III* $i ^ff*,fi' t Itii 

ni }^*^iiJv nt'm 1 -, * 

Tlir i*Vnlntlf1l M| ili<i1i, Ilir <if f |f| 

i*, i^'iif^"!^! |o iiH^'t^ *l*u* f<* ftp^ p| 

M|r<f|i*II |J| W %M||4f|^!i^ ^^ k* fr'iJ 'f*ff 

i*l ifi,ili*"v iifllr lilf^ fir*- I*' fli- u f Msm/'H 

it if * s .^'i^ ' ll*i .K U< *i *.* r* S' it' i| liv 

i<4lllja*^lf$tffi, 1^4 in |i$i Mjfir* ii x*f 

rt*ff4f|f f|\|iif|i^ f*| f||i* ^xil 

ilf ihffrpMljy * -*l'.t4l||r*t 

III t 

Ml J^M!** flir . f It^II ti iiilii| f || w*t< 

Hut" ;|| Ilir jiH"*rii| tlrv t|i^ it 

til ttt s.i^r *%$%tri 

f* tfcl 4 

i% 4it 

tu ili<' |I 

mr mil I*wl til 

lit of f*ry t 

14) $% i 

||$r f 4 |r| till* 

llfl II* * 

c4 We : 

* ttli* 

Aft iiif l*y 



PROGRESS OF THE RACE 285 

tendency to degenerate can be combated and changed 

into an upward bias ? In order to discover such a 

it is needful to gather all possible information 

with to the primary factors of organic evolution 

in the human race that is to say, variation and 

Galton was the first to show that the laws 

of -variation and heredity in man are closely similar 

to the laws in other organisms. He showed, too, 

mental and moral characters are inherited just 

m strongly as physical characters a fact which is 

by ao means so generally appreciated as it should 

be, in spite of the further evidence adduced by Prof. 

Pearson. 

Many people believe that the progress of the race 

eta be directly and permanently affected by improve- 

in edxjLcation and the amelioration of social 

conditions. It is certain that the qualities of any 

health, character, efficiency, and so forth, 

upon his environment and upbringing, as well 

as his hereditary endowments. It is therefore 

we proceed farther, to arrive at some 

of the relative importance of inherent qualities 

ad of educationof nature and nurture respectively. 

the only piece of good evidence upon this 

is one which we owe to the researches of Galton. 

are derived from the history of twins. 

Now, human twins are of two kinds. One of these 

to the young of those animals which 

two or more at a birth, each being 

from a ovum, whilst the second kind 

is the result of the development of two embryos from 
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with a word about the growing dissimilarity being due 
to the action of the firm, free will of one or both the 
twins which had triumphed over natural tendencies ; 
and yet a large proportion of my correspondents happen 
to be clergymen, whose bent of mind is opposed, as I 
feel assured, to a necessitarian view of life.' The only 
conclusion which can be drawn from these observations 
is the relative influence of nurture as opposed to 
nature is wry much smaller than has been generally 
mipposcd ; and this inference is confirmed by the 
history of dissimilar twins* The descriptions of the 
latter agreed without exception in showing an entire 
of convergence of character in cases where 
tlia whole training and environment were closely. 
From evidence it seems right to conclude 
the hflrfclitary nature of a man is more important 
than hi* training and circumstances in determining 
Mi adult mental and physical equipment, and the 

of common observation may be said to be in 

with this conclusion. 

Y0u may after generation, and 

yet thfl from which each individual has 

to hii upwards may remain the same, 

may struggle a little farther than the 

carte who before him. On the other hand, we 

all of us a few of those happy people to 

it nature to do the right thing, 

and for whom the difficulties of life appear to have 
in qualities are those of nature, and* 

not of nurture, and their children will inherit them. 

art bora great, achieve greatness, aad 
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1 It is known that a considerable part of the huge 

of British charity furthers by indirect and 

unsuspected ways the production of the Unfit ; it is 

desirable that money and other attention be- 

on harmful forms of charity should be diverted 

to the production and well-being of the Fit. For 

of explanation we may divide newly married 

into three classes, with respect to the probable 

worth of their offspring. There would be a small 

of " desirables/* a large class of " passables," of 

whom nothing more will be said here, and a small 

of " undesirables/' It would clearly be advan- 

to the country if social and moral support, as 

as timely material help, were extended to the 

41 and not monopolized, as it is now apt 

to be, by the <f undesirables." 

Let us consider the relative birth-rates of different 

of the community. This is in itself a very large 

We have only space here to record a few 

from a recent paper by Prof. Karl Pearson, 

whom no authority could be quoted. 

are a few of the figures, in terms of the average 
of family, marriages being excluded : 

GROUP I. 

.. .. .. .. 6*6 

* . . . . . 6*2 

mentally defective . . . . 7*0 

GROUP II. 

. . ' * . 6*2 

. r. 5"! 

... 4*7 
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comfortably situated would have to be contented with 
positions somewhat inferior, on the average, to those 
of their parents. This is precisely the condition of 
affairs most desirable from the point of view of race- 
improvement and from that of national efficiency, 
any given position would thus be recruited from a 
and not from a worse class than the one which 
previously occupied it. The individual may be par- 
doned if this is not what he desires to happen in the 

of his own children. 

National education and the proposed feeding and 
of the children of inferior stocks at the cost of the 
State are measures which will have certain definite 
upon the relative birth-rates of different classes. 
It is proposed to do all this at the expense of the 
stock, which is thus rendered still less capable 
of as well as still less disposed to raise, large 

of healthy children. Such measures can only 
be by making at the same time every possible 

to correct dangerous differences in the 

of the birth-rate. Legislation in these two- 
ought to go hand in hand. Indeed, the 
improvement in the supply of children ought for eyery 
to the improvement in the care atid 

of children ; for if the State cares for the 
children, it has a right to insist that the supply of 
be the best possible, and this is far from 
the at 

for the existing condition of things have 
by would-be philanthropists from Plato 
But ah suggestions for miming , 

19 & 
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future generations ! If there are people so debased 
that this argument does not appeal to them, surely 

such a crime against Society as a marriage of this kind is 
at as open to coercive treatment as many of the 

acts which are treated as criminal by existing laws ! We 
elaborately prevent and punish paltry offences against 
property, and yet deliberate crimes like marriages 

the Unfit are not recognized as criminal. 
Various suggestions for encouraging the multiplica- 
tion of the Fit have also been made. 

Mr. Sidney Webb, in his ' Decline of the Birth-Rate/ 

has suggested indiscriminate help to all parents, since 

should afford encouragement to those who limit 

their families for prudential reasons and at the same 

time leave the thriftless where they are. But here 

It is to point out that the existence of an 

unlimited population must of necessity bring want 

and to the lowest strata of society. The first 

of Eugenics, Galton tells us, ' is to check the 

of the unfit, instead of allowing them to 

into though doomed in large numbers to 

prematurely. The second object is the improve- 

of the race by furthering the productivity of 

the Fit by and healthful rearing of 

children. Natural selection rests upon excessive 

and destruction ; Eugenics upon 

into the world no more individuals than can 

be for, aad those only of the best 

In the community, in which, in 

to all the varieties of civil servants, 
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It must not be supposed that the writer is a special 
advocate of all or any of the suggestions which have 
been mentioned above. They are only alluded to in 
order to indicate the directions in which the problem 
of race- improvement may be attacked. 

The point of view which has been adopted in the 
present chapter is very well summed up in the following 
paragraph from a paper by Prof. Karl Pearson : 

1 As we have found conscientiousness is inherited, 
so I have little doubt that the criminal tendency 
descends in stocks. To-day we feed our criminals up, 
and we feed up the insane ; we let both out of the 
prison or the asylum " reformed " or " cured/ 1 as the 
may be, only after a few months to return to 
State supervision, leaving behind them the germs of 
a new generation of deteriorants. The average number 
of crimes due to the convicts in His Majesty's prisons 
to-day is ten apiece. We cannot reform the criminal 
nor the insane from the standpoint of heredity ; 
the taint varies not with their moral or mental conduct. 
are the products of the somatic cells ; the disease 
lies in their germinal constitution. Education 

for the criminal, air for- the tuberculous, rest and 
food for the neurotic these are excellent. They may 
control, sound lungs, and sanity to the individual; ' 
but they will not save the offspring from the need of 
like treatment, nor from the danger of collapse, when 
the time comes. They camot make a nation sound in 
and body ; they merely screen degeneracy behind 
a of degenerates. Our highly developed 

sympathy will no longer allow us to watch 
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character, I have thought it proper to conclude 
chapter on Eugenics with a brief reference to the 
and objects of this society. 
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naturally to group themselves is afforded by the law 
of Inheritance discovered by the Abb6 Mendel about 
the year 1865. This discovery has rendered possible 
rapid advance of the science of genetics, or the 
of the hereditary phenomena of organisms, 
has taken place during the first few years of the 
century. It is the writer's avowed opinion 
brief paper is the most important con- 
tribution of its which has ever been made to bio- 
Little apology is therefore needed for 
formulating once again the law based by Professor 
CorrcnK upon the cc inclusions which this paper contains. 
Mrzutoi'H law rebates to the inheritance of certain 
diameters, which have since been called allelo- 
morphs* It ift a distinctive feature of aEelomorphic 
that they are found to group themselves 
into pairs of more or less antagonistic 
In many the pair is represented by 

tltt ancl respectively of a certain 

feature. The two allelomorphs of a pair may 
be written a* A and a, 

We that the cells of ^ygotic organisms 

that is to ay f which have arisen by the 
of reproduction contain a doubte 

of hereditary qualities. Such cells may 
A and A , * and a, or A and a. The forms A A 
mid m are as the form A as 

* In the we are enabled 

to the of a pair of aUeto- 

by without to any other features 

the or coasidemtion may 
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allelomorphs Is found in almost all cases to be perfectly 
complete. 

Tliis complete segregation of the two allelomorphs in 
wjual numlxrs of the germ-cells of a heterozygote 

t:i institutes the first and most important section of 
tin 1 generalization known as Mendel's law. 

Tlic second part of the law refers to the fact that, 

as 11 general rule, separate pairs of allelomorphs segre- 

quili* independently of one another. To this rale 

a ft*w exceptions have teen recorded in cases where 

apparently distinct pairs of determining factors behave 

in segregation like a single pair of allelomorphs. In 

cawH we regard the members of the distinct pairs 

of allelomorphs as lxing coupled together, although no 

M*rir>UH attempt has yet made to picture the way 

in which tliis coupling comes about. In other cases, 

flit 1 coupling seems to be only partial. These 

phenomena ant not yet by any means completely 

undrnttood. 

Tlt fact that in the majority of cases separate 

of alMomorphs independently of one 

to the possibility of new combinations .of 

tin* formed in the germ-cells 

of UK* individuals ; in fact, this must always 

ttu* parent in more than 

one* of When two siinilar 

the new combination of 

meet in fertilisation, tie result 

it a new which, is a pure type in 

of tint and henceforth 

Thus if AB . AB- is crossed with ab > ab 
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other complementary allelomorph is introduced, 

however, by crossing with an individual which contains 

it, flit 1 feat um previously hidden becomes visible, giving 

rise lo the, phenomenon which has long been familiar 

under tins name of reversion on crossing. The demon- 

of these invisible factors, and of the fact that 

alhO olxy Mendel's law with perfect regularity, 

iff surely one of the most remarkable discoveries which 

have ever been made in the whole history of biology. 

Thia t again, is a piece of knowledge which may be of 

the very greatest importance, not only to breeders of 

bright flowers, some of which are already known to 

exhibit the phenomenon described, but also in all 

of breeding work where similar facts doubtless 

discovery. 

TCI the man of science, however, the practical aspect 

of theso achievements will 1x3 of little account in com- 

with the importance of their application to the . 

of human knowledge in that most fascinating 

of studiesbiology. Let us, then, turn to 

tlw way in which Mendel's discovery affects 

of biological science. 

We so recently had occasion to point to the 

coalition Mendelisxn and cytology 

be upon the subject. 

thrown a flood of light 

the of the microscopic phenomena 

by the parts of the cells 

nf the meaning of which 

be at previously to- the 

of the 
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cytology to a f!i f 
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on the other. 
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morphs of the MemMian l*'comj 
reunited In fertilization, ami, an a the 

0! the an nf 

as do th<* or 

Similarly, in the cell the 

functions of the IH fttt! 

number of chromosomes ttharttttferKtic f or 

gygotic cell* become,* linlvrdl at fir nf tin* 
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number of comparatively lowly organisms, the majority 

of which dwell submerged beneath, the surface of fresh 

or salt water. In such members of the green algse as 

Imvu so far been examined from this point of view, it 

would apix*ar that the 2#-generation is exclusively 

by the single cell which arises as the 

product of conjugation between a pair of 

Reduction takes place in the actual zygotic 

*o that each of the products of this cell's division 

once more the reduced number of chromosomes. 

Titus the great bulk the vegetative mass of the 

Is constituted by the ^-generation, and the' 

ion is composed of a single cell only a state 

of which is exactly the reverse of what is to be 

in the higher animals. 

In the vegetable kingdom evolution seems to have 

accompanied by a gradual increase of the a#- 

and a corresponding reduction of the 

in point of importance. Between thie 

two afforded by the on the one hand, 

ami the* on the other, we can trace a 

of by types in 

otter also must be regarded as 

on of organisation. 

A* an of an intermediate condition of this 

we the case of the ferns* 

Hit fern m understood, represents' 

tits The method by which the life- 

of the fern h is by the format 

tkm of txdia$ which are 

mt The formation of the takes' 

m 
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or with pistils, or more usually with both, we 

find that the ^-generation has become still further 

reduced, so that it no longer occupies an independent 

of the life-history, but has come to be entirely 

dependent upon the ax-generation for its support. 

A plant which bears both stamens and pistils gives 
fim 10 spores of two kinds, differing greatly in size. 
Thtt smaller spores are represented by the pollen-grains, 
and in these, after one or two cell divisions, unaccom- 
by growth, the one or two male gametes are 
prociucttd. The small association of cells arising in this 
way in all that is left of the ^-generation on the male 

The nucleus of the larger spore also divides a few 

and one of the final products of division becomes 

the ovum. Spore, and ovum, as well as the few inter- 

% f niiiig cells, bear the reduced number of chromosomes. 

Tlw #"gim<ration thus represented is never set free, 

but remains enclosed in the tissues of the 2#-generation 

up to the time of fertilization. In the process 

of fertilization the double number of chromosomes 

of the 2^-generation is once more 

at* 

We can look upon the a#-generation of the higher 

m iH'ing by an of the fertilised 

Tin* of comprising a single cell 

by dint of the reducing division, has 

to of a of cells, all the nuclei 

of contain the number of chromosomes. 

fact is also our for applying the &ame term 

of to tlu* all produced by the conjugation of 
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at the of the ^-generation. Starting with 

organisms, and passing upwards through 

the and ferns to the flowering plant?, we find 

a diminution in the ^-generation, whilst the 

labour of the plant is taken over by the . 
ax^neration* It is, therefore, proper to suppose that 

in which the main stage in the life-history 
In of doublet origin, and bears a double complement of 
licwditary factors, have some advantage over organisms 
iti which this is not the case. We cannot, of course, be 
as to the exact nature of this advantage, -but 
wt point out that it is only in the former kind' 

of organisms that the operation of Mendel's law can.' 
to the production of new combinations of parental 

in the body which represents the main stage 

of the life-history; and that this circumstance may 

to a power of adaptability to 

the interesting application of the infor- 
mation afforded by Mendel's discovery is shown in its 
the question of discontinuity in the origin 
of Thus fact of the and discontinuous 

erf the which dis- 

from one another would 
plainly to a belief that such differences had 
In a definite and discontinuous manner, even if 
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imagining an asymmetrical nuclear division taking 
place immediately before the formation of the germ- 
cells, and this would lead us to expect a mutating 
species to give rise to more than one new kind of 
offspring at the same time. Such was actually the case 
with the CBnothera Lamarckiana studied by de Vries ; 
and this observation stands as the most complete piece 
of evidence of a mutating species so far known to us. 
We may be assured, then, that the complete potential 
nature of new types as well as of old ones is already 
laid down in the germ-cells previous to fertilization. 
As Bateson puts it : ' For the first time in the history of 
evolutionary thought Mendel's discovery enables us to 
form some picture of the process which results in 
genetic variation. It is simply the segregation of a . 
new kind of gamete, bearing one or more characters 
distinct from those of the type. We can answer one 
of the oldest questions in philosophy. In terms of 
the ancient riddle, we may reply that the owl's egg 
existed before the owl; or, if we hesitate about the 
owl. we may be sure about the bantam.'* 

Let us consider a little more closely the evidence of 
mutation afforded by de Vries' studies of CBnothera 
lamrckiana. Semi-wild specimens of this species 
tin transplanted and carefully <*^l* 
to yield neatly 3 per cent, of seedlings which dufeed 
definitely from their parent, and among these m*** 
oma fifteen distinct new sorts were descnbed. Some 
of the new species equalled or even surpassed the parent 
* Britoh Association, Cambridge, 1904. Address to the 
Xootogica! Section, p. 14- 



0. in and 

of Mcli! by wit* 

the type without 

It is unfortunate from the of cif d 

Interpretation of thin tin* of 

0* should in n*sptrjs, a* 

has pointtrd out, tlw <i( 

tion. It lx* observed in of rf* 

view that tlii 1 ap|*'ars to flw* 

phenomenon in othir ii 

has not Ix 1 * 1 !! to any **< H In flit* 

|x*cti*A with which llw* 
be ftuppowd to ha vi* c:rti^*ti 
From iwir point of %irw f JIH d* Vrif% IH 

out f in U n 

plmnonti'iioit of ami thi* <if 

fttr 

story* 
We mw Jtiit for Ilitt 

in th* 

aid not in thct 

tlit of off fl 

did not j j^r 

of the th* y if 

(on clt 4 
tlie 
the wtll in 

in tlir of a a 

and tni llii 

tli0 to tin 1 It* 

wt can thr 



THE MUTATION THEORY 313 

pretation of the behaviour of (Enotheva Lamarckiana is 

not by any means an easy matter. 

As enunciated by de Vries, the theory of mutation 
amounts to a very complete and definite hypothesis. 
A part of this author's suggestions are, however, 

purely speculative, and for this reason we have 
the whole at somewhat less length than it per- 
Some of de Vries 1 speculations are, 
indeed, more picturesque than convincing. 
Thus, de Vries regards the number of unit characters 
of which has arisen by a single mutation to- 
be quite limited, even in the highest organisms. 
tltfw or four thousand such characters, he thinks, 
go to build up the hereditary endowment of 
tin* complicated species. He further supposes 

a of mutation to recur, about once in 4,000- 

Four thousand multiplied by 4,000 gives' 
i6,ooo,ooo~- -the number of years required to evolve 
the lords of creation from a * primordial protoplasmic 
globule/ And he points out that this estimate 
Is within the limits of geological time as allowed 
by the In this way de Vries believes that 

hit theory removes a difficulty which besets 

the hypothesis the difficulty, namely, of 

The may reasonably 

the of necessary to produce 

in by the method* a difference 

to by a unit character* 

be imperceptible in a sidgb 

Alteration. 
We our conclusions as to 
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maue iae experiment 01 
dividing individual plants into two portions, plant- 
teg one part at a high elevation and the other near the 
0f the sea. In a few years the plant grown on 
the mountain had taken on the full alpine habit, 
that grown on the plain retained the ordinary 
of the species. In this way very con- 
differences in habit- were shown to be directly 

on external conditions. 

la few cases the environment determines the 

production of perfectly definite and discontinuous 

The water ranunculus, when growing sub- 

beneath the surface of a pond, produces leaves 

the of which are cut up into a great number of 

ftna thread-like segments* As soon as the top of the 

the surface of the water those leaf rudi- 

which are just commencing their existence pro- 

to develop in a totally different fashion. The 

to which they give rise possess a wide and undi- 

Made, which floats upon the surface of the water. 

The two of are as utterly different in 

as it is for leaves to be. Yet the 

of conditions upon the young leaf- 

which of the two kinds is to 

appear* 

In we see a discontinuous change in 

from water to air as a sur- 
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shapes. And thus the great variability of 
the of corals, for instance, is doubtless deter- 

to a extent' by the influence of different 

tnvironmaiitat conditions. 

Strictly speaking, the term variability ought not to .. 

Ir applied to modifications of this description. It will, 

I**rh;tpft, IK) most convenient, however, to distinguish 

variations having their origin in differences 

the genn-cells as genetic variations, contrasting 

with the variations which arise during 

the* development of individuals. 

Knoitgh has now said to show that it is a very 

mutter to distinguish in the case of continuous 

vatmtiosiH between those which are genetic and those 

arcs acquired. 

It is to how acquired variations 

10 be continuous, and to obey the law of normal 

We saw that the normal distribution of 

was by the random operation of a 

of During the development 

of the a number of different external 

into to sight modifications 

of ftow ill out dfcectton, now m another. 

Ttiii *>, we may be quite sure that a large pro- 

of the variability which any species 
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the separate lines are kept distinct. Where 

takes place between the members of 

lines the case becomes enormously, com- 

and this is much the most frequent instance 

we actually to deal with. It has. been 

that the members of different lines when 

may display Mendelian phenomena, 

but the of so large a proportion of acquired 

renders the problem of analyzing the result 

We have seen, however, that the 

obtained by the biometricians do 

not to be inconsistent with the existence' of 

Inheritance in populations. 

We find* then, that the questions of inheritance of 

characters and of evolution by the aid of 

variations are not yet absolutely 

But the evidence seems to be such that for 

all purposes the former factor at least may 

be Meanwhile the number of cases in 

discontinuity of inheritance can be shown to 

Is constantly increasing, and the analysis of 

of continuous variation into dis- 

has already been made. 

It may be concluded that a very large part, if 

not the of evolution has taken place by the 

method. 
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uvw uccu givcu auecL tats auinan race useii. me 
of Improving the human stock in this country 

has lately excited a good deal of attention. But 

without a scientific knowledge of the factors upon 

which improvement and degeneration depend the dis- 

is not likely to be of much profit, and in such 

a misdirected energy may be even worse than 

apathy. Without venturing to make any very positive 

it may at least be pointed out that our 

practice in these matters is in almost every 

the very worst possible. 

Karl Pearson has lately shown how the 

low birth-rate of the professional and middle classes 

the amongst which the intelligence of the 

is to a extent segregated leads to the * 

of from amongst the lower and 

few of society. In other words, a 

out of intelligence is taking place. 

intelligence is an important factor in 

we proceed to remedy this defect by 

to the infant mortality among tbe 

felt and by offering every inducement 

to the of families by the lower strata 

of ; we to remove from them ' 

til for the production of children, and to 

feed and the as we already 'educate tbam 

tin? I) at the of the State* 
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are negligible as elements in practical heredity 

tits demolished the hopes of the educationists as well 

as the terrors of the degeneracy-mongers, and we now 

that is no hereditary " governing class " any 

a hereditary hooliganism. We must either 

political capacity or be ruined by democracy, 

was on us by the failure of the older 

Yet if despotism failed only for want of 

11 benevolent despot, what chance has demo- 

which requires a whole population of capable, 

votersthat is, of political critics who, if they cannot 

in for lack of spare energy or specific 

for administration, can at least recognise and 

capacity and benevolence in others, and 

m through capably benevolent representatives ? 

are to be found to-day ? Nowhere. 

has produced a weakness of 

that is too timid to face the full stringency 

of t struggle for existence, and 

too and to organic the commonwealth 

cowards, we defeat natural 
of pMkntkropy ; being sluggards, 
wt under cover of delicacy 

and morality/* 

Mr* however, that our knowledge 

it at to prescribe for the breeding 1 

* * aad Superman,' p. xxiii 
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GLOSSARY 



t $rm$ no$ induded in this lo are 

in on ttoir fint appearance in the body of the 

their mwning u then defined. Such definitions 
6tf on a nfwence to the index.] 



ADA PTATION. A ideological explanation of the corre- 

often shown between the structure and habits of 
a particular creature and the environment in which the 

lives. 

Auiiio.An animal or plant characterized by the absence 
of matter from its external tissues. 

A group of plants, mostly aquatic and of re- 
simple organisation* 
ftttK. The upper part of a stamen, containing the - 

AroM.~"The smallest part of a chemical element which 
can its ittch, 

Axtf,-The between the base or stalk of 

a tell iind the upon which the leaf is borne. 

NOIIBHCLATURB. The application of a double 

to urt animal or plant, the first name being that of 

flit the that of the species. 

of the phenomena of life, 
application of statistical methods to 

study of plants, 

CAtYX.~The whorl of floral leaves, which in 

f Ii bud the other organs of the iower. 

In heredity, a definable attribute. 

of the subdivision of the animal 

birds. 
3*5 
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IGNEOUS.- Produced in connection with great heat. 
IxitKKRDtNG. The mating together of near relatives for a 

number of generations. 

LAI VA*~- - The young of an insect after it has emerged from 
the egg-**;*, a caterpillar. 



. A group of predatory insects. 
MAXILLARY. Connected with the mouth parts. 
MOKHfOLOaY.-~Th6 study oi form and structure. 
HurAttON.- The sudden origin of a new species at a single 

ORGANISM* -A living creature, 

ORNITHOLOGIST. A student of birds. 

OvAttY. In animals the organ which produces ova. In' 

the which contains the ovules. 

OVUM. The female gamete. 

OVULE, The structure surrounding the spore which gives 
ttf to the or ovum in the higher plants. 

P* T At** -One of the (usually) coloured leaves composing 

tlit corolla, 

!>KTA!*mt>. -Resembling the corolla, usually in the circunv , 

of coloured. 

I'HYHfOLOOY. The study of the functions of organisms. 
I f iN-*Yifct>. Having the stigma on a level with the throat 
tif the and the anthers lower down, enclosed within 

tlit tube* , . , . ,, 

I'wif, The of a flower, which contains the 

and the fruit, or the chief part 

^ o* the fleering plants which 

f . ,. ,_, ^ 
!%>w t^AtioN. The transference of pollen to the stigma of 



1 

lat of time during which the known 

wire deposited, 



UAVW.~Leave* arising Immediately from the 

in t!i0 form of a rosette, 
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characters, inher- 
f of, 65 et $gq. t 155 
variations, 317 
Adaptation, 51 ft $eq. 

AilHhmorphft, 185, 195, 208 
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heredity, law of, 
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Blaringhem, 156 
BonnMr, 315 
Boveri, 252 et seq. 
Browne, Dr. T., 124 
Burbank, 44 
Busbey, 137 
Butterflies, tropical, 56 

Camarina indica, 59 

Cat, 70 

Cell, 239 et seq. 

Cereals, 233 et seq. 

Chromatm, 248 

Chromomeres, 268 

Chromosomes, 248 et seq. 

Classes, 88, 97 

Clover, 150 

Coat colour of horses, 109, 

no, 215 

Coefficient of variability, 99 
Coins, spinning of, 91 et seq. 
Colour, inheritance of, 213 

of animals, 56 
Comparison, 12 
Compositors, 69 
Conscientiousness, in 
Controversy, 3 
Co-ordinated structures, 69 ' ' 

variability, 123 
Cope, 316 
Correlated variability, 10-6 
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Hawaiian Islands, 50 

HHium, 23 

Hfrbert, 169 

Umidity, 101, 174 et uq. 

Ht*ron, 292 

If etero tropic chr0mosome,27o 

if iff, 

Hetiffozjrgote forms, 192 
Hetcroxygotes, 184 $t $eq t 
Hi<*racium, 190 
Hippocampus, 55 

133 et seq. 
Hanmxygote, 185 



on, g 

Horne, American trotting-, 
Ij8 et&eq. 

colour in, 109, 215 
extinct, 33 
fftifiKt, David, 29 
iftifht, 215 
H niton, 26 

f !uxi*y, 30, 124, 292, 320 
Hybrid, 15*1 

21 3 



s, 271 

'JLfty 

Iiwiiimtty to rt, 237 
1m Hun cnrn, 177 ul seq. 

of acquired char- 

65 M wq. t 155 

Irihli i*Ik 6) 
IilAtIfi 50 

58 

nfi 
lid $t $eq, t 318 

jtifffaa, H, 155 

9, 320 

Lord, ^7 
166 



Knight-Darwin law, 168 
Kdlreuter, 161 et.seq. 

Lamarck, 15 et seq. 9 30, 36 0/ 

5 ^-^ 65, 316 
Laplace, 24 
Latent characters, 203 
Leicestershire sheep, 137 
Line, pure, 109 et seq., 318 
Linnaeus, 7 et seq. 
Lyell, Sir (X, 25 

Macdougal, 146, 156, 294 

Make, 177 et seq., 198 

Malthus, 45, 46, 137 

Mamtobar Hard, 235 

Mantidae, 55 

Maple pea, 205 

Masters, 133. 

Matthews, 42 

Mean, 96 

Median, 96 

Mendel, 19, 113, 189 et seq. t 

264, 299 et seq. 
Mendel's law, 189, 299 et seq. 
Mental characters, nr 
Merism, 129 
Meristic variations, 130 
Metamorphy, 133 
Mice, 207, 274 
Michigan bronze, 237 
Mid-race, 148 et seq. 
Millardet, 171 et seq* 
Mimicry, 54 et seq. 
Mimbiln jalapa, 165 

longiftora, 165 
Mitosis, 248 et seq. 
Mivart, 3B 
Mode, 96 
Mongrel, 160 
Mono-hybrid, 183 et seq. 
Morgan, T. H,, 61 et seq. 
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, 61 et scq. 
107 

*, protective*, 56 
imitation, 154 
on crossing, 202 et 
itj 

234 
254 
47 

f tiaff f j t |5 
immunity* 137 

4X), 413 

50 
ttr/G. H., at j 



A., 75 

artificial, 44, 115, 
1 11 

rttimtl, 44 //*/</,, 48, 121 
iv** If'rttHztitirm, 209, 
174 

441, J7 ^1 Wr/. 
nrlrftiun, Cu 
Ci, JI M Jt2 

Li 4 k4tf*m!iin% 137 

140 
a 15 
,17 
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7 

Herbert, 2 a, 40, 47, 
6j, 6H 4 t44 

145 

$50 
37, 105 

S 
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Sterility, 320 
Stocks, 213 
Strawberries, 171 
Strength of pull, 89 

of wheat flour, 234 
Structural characters, in- 

heritance of, 183 
Substantive variation, 131 
Sugar-beet industry, 135 
Survival of the fittest, 47 
Swamping effect of crossing, 

221 

Sweet-peas, 209 et seq. 
Symmetry, 129 
Syrphicte, 58 

Tactual discrimination, 66 
Tetrads, 259 
Thomson, J. J., 24, 127 
Throw-back, 154 
Tinged white, 211 
Tower, W. L., 155 
Treviranus, 30 
Tri folium pratense, 150 
Tschermak, 19, 190, 203 
Types, primary and sub- 
ordinate, 125 

Unicellular animals, 240 
Unit characters, 176, 220 
Usher, Bishop, 27 

Variability, acquired, 317 

correlated, 106 

genetic, 317 

coefficient 9! , 99 
Vari&te, 97 
Variation, 14 

continuous, 14, 82, 314 
et seq. 

discontinuous, 14, 1^8, 
310 $ seq. 
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